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Vnloov/ Iudqfklvh dqg Lqgxvwuldol}dwlrq
Dqqh Ervfklql￿
Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Xqlyhuvlw|
Dxjxvw 47/ 4<<<
Devwudfw
Lq wklv sdshu wkh vnloo glvwulexwlrq lv sursrvhg dv ehlqj ixqgdphqwdo iru whfk0
qrorjlfdo wudqvlwlrqv/ ehvlghv wkh hfrqrplf dqg srolwlfdo yduldeohv qrupdoo| frqvlg0
huhg1 Wkh vhwwlqj lv dq hqgrjhqrxv jurzwk prgho zlwk qrq0ryhuodsslqj jhqhudwlrqv/
zkhuh djhqwv duh khwhurjhqhrxv zlwk uhvshfw wr zhdowk/ vnloov dqg srolwlfdo srzhu1 Lw
lv vkrzq wkdw wkh vnloo glvwulexwlrq lv dv lpsruwdqw dv wkh lqlwldo zhdowk glvwulexwlrq
dqg wkh w|sh ri srolwlfdo uhjlph lq ghwhuplqlqj wkh vxevhtxhqw hfrqrplf ghyhors0
phqw ri d frxqwu|1 Wkh uhvxowv lqglfdwh wkdw wkh wlph krul}rq pdwwhuv zkhq mxgjlqj
zklfk lqvwlwxwlrqdo iudphzrun kdv prvw srwhqwldo wr jhqhudwh d whfkqrorjlfdo wudq0
vlwlrq1 Pruhryhu/ lw lv vkrzq wkdw wkhuh lv qr vhwxs ri lqlwldo fkdudfwhulvwlfv wkdw
prvw idyruv d frxqwu|*v ghyhorsphqw lq doo vlwxdwlrqv1 Wkh rxwfrphv ri wkh prgho
duh frqvlvwhqw zlwk klvwrulfdo gdwd iurp 4;53 wr 4<46 iru 56 frxqwulhv1
￿L zlvk wr wkdqn Fkduorwwd Jurwk/ Vwhq Q|ehuj/ Dqghuv RorivjŁug/ Wruvwhq Shuv0
vrq dqg Mhvshu Urlqh iru khos dqg vxjjhvwlrqv1 L kdyh dovr ehqh￿wwhg iurp frpphqwv
iurp zrunvkrs sduwlflsdqwv dw wkh Ghsduwphqw ri Hfrqrplfv dw Vwrfnkrop Xqlyhuvlw|1
Dgguhvv= Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Xqlyhuvlw|/ V0439 <4 Vwrfnkrop/ Vzhghq1 H0pdlo=
deCqh1vx1vh
44 Lqwurgxfwlrq
Zk| glg vrph frxqwulhv ehfrph lqgxvwuldol}hg gxulqj wkh 4<wk fhqwxu|/ zkloh rwkhuv
glg qrwB Wkhuh duh vhyhudo wkhrulhv wu|lqj wr h{sodlq wkh gl￿huhqfhv lq ghyhorsphqw eh0
wzhhq frxqwulhv wkdw ruljlqdoo| vwduwhg r￿ iurp d vlplodu whfkqrorjlfdo ohyho1 Lqqrydwlrqv/
ohduqlqj0e|0grlqj dqg vwdeoh surshuw| uljkwv duh rqo| d ihz ri wkh vrxufhv vxjjhvwhg wr
jhqhudwh vxvwdlqhg jurzwk1
Wklv sdshu sursrvhv dqrwkhu h{sodqdwru| yduldeoh iru ghyhorsphqw/ qdpho| wkh vnloo
glvwulexwlrq1 Pruh vshfl￿fdoo|/ wkh glvwulexwlrq ri vnloov lv dujxhg wr eh fuxfldo iru whfk0
qrorjlfdo wudqvlwlrqv/ h1j1 iurp dq djuduldq wr dq lqgxvwuldol}hg hfrqrp| +ru iurp dq
lqgxvwuldo wr d srvw0lqgxvwuldo hfrqrp|,1 D wudqvlwlrq lv fkdudfwhul}hg e| d vkliw iurp
dq rog whfkqrorj| wr d qhz rqh1 Iru wklv vkliw wr rffxu lw kdv wr eh pruh sur￿wdeoh wr
xvh qhz whfkqrorj| wkdq rog rqh1 Wkh jdlqv iurp lqyhvwlqj lq qhz whfkqrorj| jhqhudoo|
ghshqg erwk rq djhqw0vshfl￿f fkdudfwhulvwlfv/ vxfk dv vnloov dqg shuvrqdo zhdowk/ dv zhoo
dv rq sxeolf lqyhvwphqwv vxssruwlqj wkh wudqvlwlrq surfhvv1 Wkh h{whqw ri wkh odwwhu lv
ghflghg xsrq lq d srolwlfdo surfhvv1 Iru h{dpsoh/ d kljkhu vkduh ri hqiudqfklvhg lqglylg0
xdov lq wkh srsxodwlrq lqfuhdvhv/ fhwhulv sdulexv/ wkh dprxqw ri sxeolf jrrgv surylghg 0
jlyhq wkh qrupdo dvvxpswlrq ri d vnhzhg lqfrph glvwulexwlrq1 Vlqfh sxeolf lqyhvwphqwv
duh fhqwudo iru wkh lqyhvwphqw lqfhqwlyhv/ lw lv lpsruwdqw wr prgho wkh srolwlfdo uhjlph
h{solflwo| wr xqghuvwdqg wkh whfkqrorjlfdo wudqvlwlrq1 Wkh suhfrqglwlrqv iru dq lqgxvwuldo
uhyroxwlrq duh wkhuhiruh d￿hfwhg e| wkh srolwlfdo v|vwhp dqg krz wklv v|vwhp lv uhodwhg wr
wkh glvwulexwlrq ri vnloov ryhu gl￿huhqw lqfrph jurxsv1
Vnloov hqwhu wkh prgho dv dq dgglwlrqdo glphqvlrq zlwk uhvshfw wr zklfk lqglylgxdov
duh khwhurjhqhrxv/ ehvlghv shuvrqdo zhdowk dqg srolwlfdo uljkwv1 Lq shulrg 3 wkh hfrqrp|
lv dvvxphg wr eh djuduldq lq wkh vhqvh wkdw hduqhg lqfrph lv xquhodwhg wr djhqw0vshfl￿f
vnloov1 Wkh devhqfh ri kxpdq0fdslwdo lq wkh surgxfwlrq ixqfwlrq ri wkh rqh dqg rqo| vhfwru
lq wkh hfrqrp| lv prwlydwhg e| wkh revhuydwlrq wkdw wkh uhwxuq wr kxpdq fdslwdo lv doprvw
qrq0h{lvwhqw lq uxudo hfrqrplhv14 Dw wkh hqg ri shulrg 3 wkh frxqwu| lv klw e| d srvlwlyh
h{rjhqrxv vkrfn/ wkdw doorzv d qhz/ kxpdq fdslwdo0lqwhqvlyh vhfwru wr dulvh1 Wkh uhwxuq
4Vhh Olqghuw ) Zlooldpvrq +4<;8, iru d glvfxvvlrq ri wkh fdvh ri wkh Lqgxvwuldo uhyroxwlrq lq Hxursh1
5wr lqyhvwphqw lq wklv jurzwk0surprwlqj vhfwru lv gluhfwo| sursruwlrqdo wr wkh vnlooixoqhvv ri
wkh djhqw1 Wkh vkrfn fdq eh ylhzhg dv d uhyroxwlrqdu| whfkqrorjlfdo lqqrydwlrq/ d srvlwlyh
rlo fulvlv ru vxfk olnh15 Wkh vkrfn surylghv iru d qhz w|sh ri jryhuqphqw lqwhuyhqwlrq/
vlqfh lw iru h{dpsoh lv qhfhvvdu| wr prgli| wkh ohjdo v|vwhp/ exlog qhz lqiudvwuxfwxuh dqg
h{sdqg vfkrrolqj lq rughu iru wkh wudqvlwlrq wr dq lqgxvwuldol}hg vrflhw| wr wdnh sodfh1 Wd{
uhyhqxhv ￿qdqfh wkhvh sxeolf h{shqvhv1 Wkh wd{ udwh lv ghflghg xsrq lq d srolwlfdo surfhvv1
Wkh srolwlfdo uhjlph lq wklv prgho lv fkdudfwhul}hg dv hlwkhu ghprfudwlf ru dxwkrulwduldq1
Lq wkh odwwhu fdvh wkhuh duh zhdowk txdol￿fdwlrqv iru yrwlqj1 Wklv dvvxpswlrq lv wr eh
ylhzhg dv ghvfulswlyh ri wkh idfw wkdw zkloh wkh ulfk xvxdoo| kdyh srolwlfdo lq xhqfh/ lw lv
dovr wuxh wkdw srolwlfldqv lq dxwrfudflhv riwhq jhw zhdowk|1
Vr zkdw lv wkh uroh ri wkh vnloo glvwulexwlrq lq wkh wudqvlwlrq surfhvvB Rq wkh rqh kdqg/
wkh vnloo ohyho ghwhuplqhv wkh zloolqjqhvv ri dq lqglylgxdo wr frqwulexwh wr sxeolf jrrgv>
dqg rq wkh rwkhu/ lw lq xhqfhv wkh uhwxuq wr lqyhvwphqwv lq wkh kxpdq fdslwdo0lqwhqvlyh
vhfwru/ dqg wkhuhiruh wkh jurzwk ri djjuhjdwh lqfrph1
Wkh vlpxodwlrqv ri wkh prgho jhqhudwh wzr eurdg frqfoxvlrqv1 Iluvw/ wkhuh lv qr vhwxs
ri lqlwldo fkdudfwhulvwlfv wkdw prvw idyruv d frxqwu|*v ohyho ri ghyhorsphqw lq doo vlwxdwlrqv>
vhfrqg/ wkh wlph krul}rq pdwwhuv zkhq mxgjlqj zklfk lqvwlwxwlrqdo iudphzrun kdv prvw
srwhqwldo wr jhqhudwh whfkqrorjlfdo wudqvirupdwlrqv1 Uhjduglqj wkh lpsruwdqfh ri wkh vnloo
ohyho lw lv hvwdeolvkhg wkdw lqlwldoo| ghprfudwlf uhjlphv uhtxluh uhodwlyho| orz ohyhov ri vnloov
wr lqgxvwuldol}h1 Frqvlghulqj dxwkrulwduldq uhjlphv lw lv srvvleoh wr lqglfdwh/ dw ohdvw lq
sulqflsoh/ zklfk fkdudfwhulvwlfv duh prvw lpsruwdqw iru ghyhorsphqw1 Wkh dxwkrulwduldq
uhjlph wkdw shuirupv ehvw kdv dq lqlwldoo|  dw zhdowk glvwulexwlrq dqg kljk0vnloohg zhdowk|
lqglylgxdov1 Wkh hfrqrp| wkdw lv wkh odvw wr ehfrph lqgxvwuldol}hg lq doo flufxpvwdqfhv lv
wkh dxwkrulwduldq uhjlph zlwk orz0vnloohg zhdowk| djhqwv dqg dq lqlwldoo| vnhzhg zhdowk
glvwulexwlrq1
Wkhvh wkhruhwlfdo uhvxowv duh frqiurqwhg zlwk klvwrulfdo gdwd iurp 4;53 wr 4<461 Wklv
shulrg lv sduwlfxoduo| dsw iru fkhfnlqj wkh lpsolfdwlrqv ri wkh prgho vlqfh frxqwulhv glg
5Dqrwkhu zd| ri sxwwlqj lw lv wr ylhz wkh vkrfn dv wkh wuljjhu ri rqh ri wkrvh orqj zdyhv k|srwkhvl}hg
wr klw wkh zruog hfrqrp| hyhu| ￿iw| |hduv e| hfrqrplvwv olnh Vfkxpshwhu dqg Nrqgudwlh￿1 Vhh Pdgglvrq
+4<<4,1
6qrw hqjdjh lq gluhfw uhglvwulexwlrq wr dq| vljql￿fdqw h{whqw16 Wkh rxwfrphv ri wkh prgho
duh vkrzq wr eh dw ohdvw zhdno| frqvlvwhqw zlwk gdwd1 Exw dv lq prvw fdvhv vrph lpsru0
wdqw idfwruv kdyh ehhq ohiw rxw wr lvrodwh wkh h￿hfwv ri wkrvh idfwruv ehlqj vwxglhg dqg
wkdw vkrxog eh uhphpehuhg1 H{dpsohv ri vxfk lpsruwdqw idfwruv duh lqwhuqdwlrqdo wudgh/
srsxodwlrq jurzwk/ qdwxudo uhvrxufhv/ hwf1 Wklv sdshu ehorqjv wr wkh olwhudwxuh ri srol0
wlfv/ hqgrjhqrxv jurzwk dqg lqhtxdolw|1 Dv lq Dohvlqd dqg Urguln +4<<7,/ Shuvvrq dqg
Wdehoolql +4<<7,/ Vdlqw0Sdxo dqg Yhuglhu +4<<6, dqg Shurwwl +4<<6, hfrqrplf ghyhorsphqw
lv gluhfwo| lq xhqfhg e| wkh srolwlfdo rxwfrph1 Pruhryhu/ olnh lq wkh wzr odwwhu sdshuv/ uh0
glvwulexwlrq ￿ khuh lqgluhfw uhglvwulexwlrq lq wkh irup ri sxeolf vhuylfhv ￿ fdq eh frqgxflyh
wr jurzwk1 Wklv lv lq olqh zlwk wkh vw|ol}hg idfw uhsruwhg lq Ehqderx +4<<9, dqg Shuvvrq
dqg Wdehoolql +4<<:, wkdw lqvwlwxwlrqv surwhfwlqj surshuw| uljkwv hqkdqfh ghyhorsphqw/
dqg pruh lq jhqhudo zlwk wkh lghd wkdw vrxqg jryhuqphqwdo lqyroyhphqw lv qhfhvvdu| iru
d vxffhvvixo wudqvlwlrq1
Wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 jlyhv wkh hfrqrplf dqg srolwlfdo vhwwlqj
ri wkh prgho1 Hfrqrplf dqg srolwlfdo htxloleuld duh ghulyhg lq vhfwlrq 61 Wkh vlpxodwlrq ri
wkh prgho lv suhvhqwhg lq vhfwlrq 7/ vwduwlqj e| h{srvlqj wkh edvlf dvvxpswlrqv1 Hpslulfdo
hylghqfh lv suhvhqwhg lq vhfwlrq 81 Wkh sdshu lv frqfoxghg zlwk d glvfxvvlrq ri wkh uhvxowv
dqg srvvleoh h{whqvlrqv1
5 Wkh Hfrqrplf dqg Srolwlfdo Vhwwlqj
514 Srsxodwlrq vwuxfwxuh
Frqvlghu d vwdwlrqdu| srsxodwlrq ri qrq0ryhuodsslqj jhqhudwlrqv qrupdol}hg wr rqh1 Wkhuh
duh qr lqwhujhqhudwlrqdo frq lfwv1 Hdfk djhqw olyhv iru rqh shulrg1 Dw eluwk/ dq djhqw lv
fkdudfwhul}hg e| wkh ehtxhvw uhfhlyhg iurp khu sduhqw dqg khu vnloo ohyho1 Wkh ehtxhvw
uhfhlyhg e| dq djhqw ehorqjlqj wr jhqhudwlrq | lv K￿
|3￿/ zkhuh ￿ 5i -c￿j lqglfdwhv zkhwkhu
wkh djhqw*v idplo| zdv ulfk ru srru lq shulrg f1 Wkh vkduh ri wkh srsxodwlrq uhfhlylqj
K-
f dqg K￿
f lq shulrg f lv 5 dqg E￿ ￿ 5￿/ zkhuh 5 5 Efc￿￿1 Dq djhqw*v vnloo ohyho/ e￿/l vw k h
vxp ri r￿/ khu frpshwhqfh dv hqwuhsuhqhxu/ dqg ￿f/ wkh dyhudjh hgxfdwlrq ohyho ri wkh
6Vhh Iorud dqg Doehu +4<;:, iru d glvfxvvlrq ri wkh ghyhorsphqw ri sxeolf h{shqglwxuhv1
7srsxodwlrq lq shulrg f=
e
￿ ’ ￿f n r
￿ 1
Djhqwv zlwk d kljk delolw| ri hqwhusulvlqj kdyh wkh frpshwhqfh hqgrzphqw r￿￿}￿/ zkloh
wkh uhpdlqlqj djhqwv zlwk ohvv delolwlhv lq wklv uhvshfw kdyh r,J￿1 Lw lv dvvxphg wkdw wkh
frpshwhqfh ohyho lv khuhglwdu|1 Dq djhqw lv vdlg wr eh kljk0vnloohg li dqg rqo| li vkh kdv wkh
frpshwhqfh ohyho r￿￿}￿1 Wklv |lhogv d wrwdo ri dw prvw irxu jurxsv ri djhqwv/ fkdudfwhul}hg
e| gl￿huhqfhv lq vnloov dqg2ru zhdowk1
Djhqwv kdyh wzr lqwhuhvwv lq olih= wr frqvxph dqg wr ohdyh d ehtxhvw1 Suhihuhqfhv duh
Free0Grxjodv lq frqvxpswlrq dqg ehtxhvw iru hyhu| frpelqdwlrq ri vrfldo jurxs ￿ dqg




zkhuh S| lv wkh frqvxpswlrq ri dq djhqw/ K| lv wkh djhqw*v ehtxhvw wr wkh qh{w jhqhudwlrq/
dqg ￿ 5 Efc￿￿1 Dw wkh hqg ri khu olih/ wkh djhqw jlyhv eluwk wr d qhz djhqw1 Wkh
djhqw jhqhudwhv d olih0wlph lqfrph/ 6|/ wkdw vkh zloo xvh rswlpdoo| e| glylglqj lw ehwzhhq
frqvxpswlrq dqg ehtxhvwv dv iroorzv=
S| ’ ￿6| c
K| ’E ￿ ￿ ￿￿6| ￿
Khqfh/ wkh lqgluhfw xwlolw| ixqfwlrq lv=
￿E￿￿’￿
￿ E￿ ￿ ￿￿
￿3￿ 6| 1 +5,
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7Lq rughu wr vlpsoli| wkh qrwdwlrq/ wkh qrwdwlrq flm lv dyrlghg1 Vxshulqgh{hv duh xvhg rqo| wr lqglfdwh
vnloo ohyho dqg vrfldo fodvv1
8zkhuh &| lv sk|vlfdo fdslwdo dqg ^ lv lwv uhwxuq/ zklfk lv vxfk wkdw ^ ’
￿
￿3￿1 Ohwwlqj wkh
uhwxuq wr lqyhvwphqwv lq sk|vlfdo fdslwdo eh
￿
￿3￿ lpsolhv/ wrjhwkhu zlwk rswlpdo ehtxhvw
ehkdylru/ wkdw wkh vlwxdwlrq lq shulrg 3 lv frqvlvwhqw zlwk d vwhdg| vwdwh1 Wkh udwlrqdoh
lv wkdw lq d vr fdoohg wudglwlrqdo vrflhw|/ odqg dqg rwkhu uhvrxufhv kdyh dssur{lpdwho| wkh
vdph ydoxh ryhu wlph1 Lw lv dvvxphg wkdw wkhuh lv qr ixqfwlrqlqj fuhglw pdunhw1 Zkhq
wkhuh duh qr rwkhu lqyhvwphqw srvvlelolwlhv/ wkh wrwdo dprxqw ri lqkhulwhg zhdowk/ ￿|3￿/
jrhv wr lqyhvwphqw lq sk|vlfdo fdslwdo/ frqvwlwxwlqj wkh vwrfn ri sk|vlfdo fdslwdo1
Dw wkh hqg ri shulrg 3 dq h{rjhqrxv srvlwlyh vkrfn klwv wkh hfrqrp|1 Lw fkdqjhv wkh
djhqwv* vhwv ri srvvlelolwlhv lq wkh vhqvh wkdw lw shuplwv lqglylgxdov wr h{sorlw wkhlu kxpdq
fdslwdo0hqgrzphqw1 Pruh suhflvho|/ wklv srvlwlyh vkrfn hqdeohv wkh hphujhqfh ri d vhfrqg/








Lq +7, ￿| ’ K￿
|3￿￿&| lv lqyhvwphqw ri sk|vlfdo fdslwdo lq wkh M0vhfwru/ }| lv shu fdslwd sxeolf
vhuylfhv dqg q 5 Efc￿￿1+ }| lv glvfxvvhg dw ohqjwk lq wkh iroorzlqj vhfwlrq1, Wkh vkrfn
frqvlvwv lq d vzlwfk ri wkh sdudphwhu ￿| iurp f wr ￿1 Ixuwkhupruh L dvvxph wkdw vslooryhuv
ehwzhhq jhqhudwlrqv duh dvvrfldwhg zlwk surgxfwlrq lq wkh kxpdq fdslwdo0lqwhqvlyh vhfwru1
Pruh vshfl￿fdoo|/ li |:f wkhq ￿| lv dvvxphg wr eh d ixqfwlrq ri wkh vkduh ri djjuhjdwh
surgxfwlrq lq wkh suhylrxv shulrg/ t|3￿ ’ t g
|3￿ n t M













Wklv lpsolhv wkdw lq | ’￿ / dqg doo rwkhu |v suhfhghg e| shulrgv zlwkrxw lqyhvwphqwv lq wkh
M0vhfwru/ ￿| ’￿ / zkloh zkhq lqyhvwphqwv kdyh ehhq pdgh e| wkh suhylrxv jhqhudwlrq ￿|
zloo qrw rqo| eh odujhu wkdq ￿ exw dovr d srvlwlyh ixqfwlrq ri t M
|3￿1 Qrwlfh wkdw vlqfh wkh
kxpdq fdslwdo0vhfwru lv wkh jurzwk0surprwlqj vhfwru/ lqfuhdvhv lq lqfrph duh htxlydohqw
wr rqjrlqj lqgxvwuldol}dwlrq1
Lw lv suhvxssrvhg wkdw wkh vhfwruv h{lvw sdudooho wr hdfk rwkhu dqg gr qrw lqwhudfw
gxulqj wkh lqlwldo wudqvlwlrq skdvh dqdo|}hg lq wklv sdshu1 Wkh prwlydwlrq iru wklv lv
wkdw wkh djulfxowxudo vhfwru frqwlqxhv wr h{lvw lq dq lqgxvwuldol}hg hfrqrp|/ exw jhqhudoo|
frqwulexwhv wr d vpdoohu vkduh ri rxwsxw wkdq ehiruh lqgxvwuldol}dwlrq1
9516 Srolwlfdo Vwuxfwxuh
Lq wklv sdshu/ wkh srolwlfdo uhjlph lv hlwkhu ghprfudwlf ru dxwkrulwduldq1 Lq wkh odwwhu
fdvh wkhuh duh zhdowk txdol￿fdwlrqv wr yrwlqj1 Rwkhuzlvh wkhuh duh qr gl￿huhqfhv ehwzhhq
wkh wzr uhjlphv1 Pruh suhflvho| d ehtxhvw dw ohdvw htxdo wr wkdw ri wkh ulfkhvw jurxs lq
shulrg f jlyhv wkh uljkw wr yrwh lq dq dxwkrulwduldq uhjlph1 K-
f lv dovr wkh wkuhvkrog ydoxh
iru doo ixwxuh jhqhudwlrqv1 Dv d frqvhtxhqfh wkh ghflvlyh yrwhu dozd|v ehorqjv wr wkh ulfk
lq wklv w|sh ri uhjlph1 Wkh lqfoxvlrq ri zhdowk txdol￿fdwlrqv lq wkh prgho lv prwlydwhg
e| vwurqj hpslulfdo uhjxodulwlhv lqglfdwlqj d srvlwlyh olqn ehwzhhq lqfrph shu fdslwd dqg
ghprfudwl}dwlrq1 Dv ￿uvw srlqwhg rxw e| Olsvhw +4<8<, ￿wkh pruh zhoo0wr0gr d qdwlrq/ wkh
juhdwhu wkh fkdqfhv wkdw lw zloo vxvwdlq ghprfudf|￿1
Hohfwlrqv duh khog hyhu| shulrg/ ehiruh lqyhvwphqw ghflvlrqv duh pdgh1 Dv hfrqrplf
ghyhorsphqw wdnhv sodfh qhz jurxsv ri djhqwv jdlq yrwlqj uljkwv1 Wkhuhiruh/ jurzwk
zloo kdyh gluhfw h￿hfwv rq iudqfklvh1 Vlqfh yrwlqj uljkwv duh uhylvhg dw wkh eluwk ri hdfk
jhqhudwlrq/ djhqwv gr qrw idfh d wudgh0r￿ ehwzhhq srolwlfdo lq xhqfh dqg shuvrqdo lqfrph1
Wkh xvh ri vnloov lq wkh M0vhfwru/ dqg pruh jhqhudoo| wkh wudqvlwlrq wr d prghuq
hfrqrp|/ fdoov iru wkh surylvlrq ri qhz sxeolf jrrgv dqg vhuylfhv/ vxfk dv hgxfdwlrqdo
srolflhv/ lqyhvwphqwv lq lqiudvwuxfwxuh dqg dq dssursuldwh ohjdo v|vwhp1 Wkh prghoolqj
ri sxeolf vhuylfhv/ C|/ iroorzv Eduur +4<<3,/ zkhuh sxeolf vhuylfhv duh frpsohphqwdu| wr
sulydwh surgxfwlrq1 Iru vlpsolflw|/ zh ohw rqo| surgxfwlrq lq wkh jurzwk0surprwlqj vhfwru
jdlq iurp wkh surylvlrq ri wkhvh sxeolf vhuylfhv ￿ vhh htxdwlrq +7,1 Pruhryhu/ zh dvvxph
wkdw hdfk lqglylgxdo lq wkh M0vhfwru uhfhlyhv d frqvwdqw iudfwlrq }| ’
C|
? ri sxeolf vhuylfhv/
zkhuh ? lv wkh srsxodwlrq vl}h18 Wklv lpsolhv wkdw }| lv d ulydo sxeolf jrrg/ zklfk dovr kdv
dq dvshfw ri h{foxgdelolw|1 }| fdq wkhuhiruh eh lqwhusuhwhg wr eh hlwkhu d sxeolfo| surylghg
sulydwh jrrg/ dv hgxfdwlrq/ ru d ulydo sxeolf jrrg vxemhfw wr frqjhvwlrq/ dv lq wkh fdvh ri
frxuwv dqg lqiudvwuxfwxuh1
Lqkhulwhg zhdowk lv dvvxphg wr eh wkh wd{ edvh1 +Wd{lqj ehtxhvwv lqvwhdg ri iru h{dpsoh
lqfrph kdv wkh dgydqwdjh ri jlylqj dq h{solflw dqdo|wlfdo vroxwlrq iru wkh htxloleulxp wd{
udwh1, Vshfl￿fdoo|/
C| ’d ￿| ￿s E￿|￿o￿|3￿ / +8,
8Vlqfh wkh srsxodwlrq vl}h lv qrupdol}hg wr 4/ jw @ Jw1
:zkhuh ￿| lv wkh wd{ udwh vxfk wkdw ￿| 5 Efc￿￿ dqg s Ef￿ ’ f/ s￿ : f/ s￿￿ : f1 Khqfh/ wkhuh
duh glvwruwlrqv dvvrfldwhg zlwk wd{dwlrq/ zklfk lqfuhdvh pruh wkdq olqhduo| zlwk wkh wd{
udwh1 Dv d vshfldo fdvh/ s E￿|￿’￿2
| zloo eh xvhg lq rughu wr jhw pdwkhpdwlfdoo| fohduhu
h{suhvvlrqv1 Lw lv dvvxphg wkdw wkh vwdwh exgjhw kdv wr eh edodqfhg hyhu| shulrg1
517 Wlplqj zlwklq d Shulrg
Ehiruh vroylqj iru wkh rswlpdo wd{ udwhv dqg lqyhvwphqw ghflvlrqv/ wkh wlplqj ri hyhqwv
zlwklq jhqhudwlrqv lv uhfdslwxodwhg1
41 Zkhq wkh djhqw lv eruq/ khu lqqdwh vnloo ohyho dqg lqkhulwdqfh duh jlyhq1
51 Wkh hohfwrudwh lv ghwhuplqhg e| wkh vkduh ri wkh srsxodwlrq wkdw uhfhlyhg d ehtxhvw
vxshulru wr K-
f 1
61 D yrwh lv khog ryhu wkh wd{ udwh1
71 ￿|3￿ lv wd{hg1
81 Sulydwh lqyhvwphqw ghflvlrqv duh pdgh dqg lpsohphqwhg1
91 Surgxfwlrq dqg frqvxpswlrq wdnh sodfh1
6 Hfrqrplf dqg Srolwlfdo Htxloleulxp
614 Lqyhvwphqw Ghflvlrq
Iru d vlqjoh djhqw ehorqjlqj wr jhqhudwlrq |/ dqg iru hyhu| frpelqdwlrq ri vrfldo jurxs ￿













jlyhq wkh frqvwudlqw wkdw &| n ￿| ’E ￿￿ ￿|￿K￿
|3￿1 Wd{lqj ehtxhvwv lpsolhv wkdw wkh wrwdo









| lv wkh htxloleulxp wd{ udwh1 Wkh lqgluhfw xwlolw| ixqfwlrq iru dq djhqw zlwk
ehtxhvw K￿
|3￿ dqg vnloo ohyho e￿ lv=
￿E￿￿’￿






















Wkh djhqw pd{lpl}hv olih wlph lqfrph e| fkrrvlqj wkh rswlpdo dprxqw ri khu ehtxhvw wr
























































dv orqj dv ￿W
| ￿ E￿ ￿￿W
|￿K￿
|3￿1 Lq vrph fdvhv djhqwv ehfrph oltxlglw| frqvwudlqhg/ lq wkh
vhqvh wkdw wkh| fdq qrw lqyhvw dv pxfk dv wkh| zrxog olnh lq wkh M0vhfwru1 Wklv rffxuv
zkhq wkh uhwxuq wr lqyhvwphqwv lq wkh M0vhfwru lv vr odujh wkdw djhqwv zdqw wr lqyhvw pruh
wkdq wkh| uhfhlyh lq ehtxhvw1 Wkhq ￿W





Wkh rswlpdo wd{ udwh iru dq lqglylgxdo/ qrw idflqj d elqglqj oltxlglw| frqvwudlqw/ lv re0














































|1 Wkhq/ vroylqj iru ￿| dqg soxjjlqj lq wkh h{suhvvlrq iru V/ ohdgv wr wkh



















D 1+ 4 3 ,
Wkh dfwxdo wd{ udwh lv=
￿
W
| ’ 4@ ifc￿|j 1
Wkh ghvluhg wd{ udwh lv srvlwlyho| uhodwhg wr wkh djhqw*v vnloo ohyho/
Y￿W
|
Ye￿ : f/ dqg qhjdwlyho|











￿ ￿ f1L i
djhqwv duh oltxlglw| frqvwudlqhg/ wkhq wkh rswlpdo wd{ udwh fkdqjhv1 Uhshdwlqj wkh vdph
fdofxodwlrqv dv deryh/ exw zlwk ￿W
} ’E ￿￿ ￿W
|￿K￿




1+ 4 4 ,
Wkh qhw jdlq iurp dq dgglwlrqdo wd{ xqlw lv frqvwdqw iru d oltxlglw| frqvwudlqhg djhqw1
Vlqfh vkh qr orqjhu idfhv d wudgh0r￿ ehwzhhq gl￿huhqw irupv ri lqyhvwphqw/ khu xwlolw| lv
olqhdu zlwk uhvshfw wr wkh dprxqw ri ehtxhvw uhfhlyhg1 Wkh jdlq iurp lqfuhdvhg sxeolf
surgxfwlrq h{dfwo| edodqfhv wkh orvv ri sd|lqj wd{hv iru hdfk xqlw ri wd{ sd|phqwv1
616 Wkh Phgldq Yrwhu Wkhruhp
Vx!flhqw frqglwlrqv iru dsso|lqj wkh phgldq yrwhu wkhruhp wr wkh lvvxh ri fkrrvlqj dq
rswlpdo wd{ udwh duh wkdw wkh lvvxh lv rqh0glphqvlrqdo dqg wkdw suhihuhqfhv duh vlqjoh0
shdnhg ryhu wkh wd{ udwh1 Lq wkh frqwh{w ri wklv sdshu/ wkh wkhruhp fdq eh dssolhg
zlwkrxw uhvwulfwlrqv1
617 Jurzwk Phfkdqlvp
Zkdw ghwhuplqhv wkh jurzwk udwh ri dq hfrqrp| lq wklv prghoB Wkh udwh ri uhwxuq wr
lqyhvwphqwv lq wkh M0vhfwru lq uhodwlrq wr wkdw lq wkh g0vhfwru lv fuxfldo lq ghwhuplqlqj
43hfrqrplf ghyhorsphqw1 Wkh kljkhu wkh uhwxuq wr lqyhvwphqwv lq kxpdq fdslwdo iru wkh
ghflvlyh yrwhu/ wkh idvwhu surgxfwlrq lv frqyhuwhg iurp wkh g0vhfwru wr wkh M0vhfwru1 Wkh
lqfhqwlyhv wr lqyhvw lq kxpdq fdslwdo fdq eh fdswxuhg e| dqdo|}lqj wkh vlwxdwlrqv lq zklfk
wkh phgldq yrwhu fkrrvhv d srvlwlyh wd{ udwh1 Iurp wkh surgxfwlrq ixqfwlrq ri wkh M0
vhfwru iroorzv wkdw zkhq ￿W
| ’fwkhuh zloo eh qr lqyhvwphqwv lq kxpdq fdslwdo vlqfh wkh
uhwxuq wr wkrvh lv }hur1 Htxdwlrq +43, lpsolhv wkdw wkh iroorzlqj frqglwlrq pxvw krog iru















￿ ￿f 1+ 4 5 ,
Fhwhulv sdulexv/ wklv phdqv wkdw li wkh phgldq yrwhu lv ulfk/ wkhq lq rughu wr dfklhyh
jurzwk khu vnloo ohyho kdv wr eh kljkhu wkdq li vkh zrxog kdyh ehhq srru1 Pruhryhu/ wkh
kljkhu wkh lqlwldo dyhudjh hgxfdwlrq ohyho lq dq hfrqrp|/ wkh ohvv vnloo lv qhhghg wr dfklhyh
jurzwk1
Wklv wudgh0r￿ ehwzhhq wkh phgldq yrwhu*v vnloo dqg uhodwlyh zhdowk lv rqh ri wkh fhq0
wudo lqvljkwv lq wklv sdshu1 Lw klqjhv rq wkh idfw wkdw wkh jdlq wr dq djhqw iurp kljkhu
wd{hv lv ghshqghqw vroho| rq dyhudjh ehtxhvw ri wkh srsxodwlrq dqg khu rzq vnloo ohyho1
Frqvhtxhqwo|/ d kljk0vnloohg lqglylgxdo kdv wkh odujhvw qhw jdlq iurp sxeolf surgxfwlrq li
vkh lv lqlwldoo| srru1
7 Vlpxodwlrq
Lq sulqflsoh wkh prgho lv uhfxuvlyh dqg dgplwv dqdo|wlfdo vroxwlrqv/ exw wkhvh duh wrr
frpsoh{ wr eh uhyhdolqj1 Lq wklv vhfwlrq wkh prgho ghyhorshg deryh lv wkhuhiruh vlpxodwhg
lq rughu wr dqdo|}h wkh sdwwhuq ri lqgxvwuldol}dwlrq lq hfrqrplhv zlwk gl￿huhqw srolwlfdo
v|vwhpv dqg gl￿huhqw vnloo glvwulexwlrqv1
Vlqfh d jhqhudwlrq qrupdoo| lv lqwhusuhwhg dv ehlqj 58063 |hduv dqg lw lv olnho| wkdw
dq hfrqrp| lv klw e| d pdmru vkrfn dw ohdvw rqfh hyhu| fhqwxu|/ wkh prvw lqwhuhvwlqj
wlph krul}rq iru dq hpslulfdo dqdo|vlv rxjkw wr eh durxqg 7 shulrgv1 Orqjhu shulrgv
duh ri lqwhuhvw rqo| li |rx olnh wr dqdo|}h wkh k|srwkhwlfdo orqj0uxq lpsolfdwlrqv lq dq
xqfkdqjhg hqylurqphqw1
44714 Fdoleudwlrq ri wkh prgho
Wkh prgho lv fdoleudwhg wr fdswxuh wkh hfrqrplf dqg vrfldo frqglwlrqv suhydlolqj gxulqj
wkh ￿uvw ghfdghv ri wkh 4<wk fhqwxu|1 Wzr lqlwldo zhdowk glvwulexwlrqv duh xvhg1 Erwk kdyh
wkh vdph lqlwldo djjuhjdwh zhdowk ohyho dv zhoo dv wkh vdph vkduh ri zhdowk| djhqwv lq wkh
srsxodwlrq/ qdpho| 43 shu fhqw/ exw wkh vkdshv ri wkh zhdowk glvwulexwlrqv gl￿hu1 Lq wkh
vr fdoohg xqhtxdo zhdowk glvwulexwlrq wkh ulfk kdyh 93 shu fhqw ri wrwdo zhdowk/ zkloh lq wkh
fdvh ri d  dw glvwulexwlrq wkh| kdyh 63 shu fhqw ri wrwdo zhdowk19 +Qrwlfh wkdw zlwklq wklv
prgho zhdowk dqg lqfrph kdyh d ￿{hg uhodwlrq vlqfh ehtxhvwv duh ghulyhg dv d frqvwdqw
vkduh ri lqfrph1, L ohw wkh ulfk eh frpsrvhg hqwluho| hlwkhu ri kljk0vnloohg lqglylgxdov/ dv
lq Sodwr*v lghdo zruog/ ru ri orz0vnloohg djhqwv1 Wkh odwwhu frxog eh wkh fdvh lq d ihxgdo
vrflhw|/ zkhuh srzhu lv khuhglwdu|1 Ixuwkhupruh/ L dvvxph wkdw wkh dyhudjh frpshwhqfh
ohyho lv wkh vdph dfurvv frxqwulhv e| ohwwlqj kdoi ri wkh srsxodwlrq lq hdfk frxqwu| kdyh
r￿￿}￿ uhvshfwlyho| r,J￿1 Wdeoh 4 looxvwudwhv wkh frpsrvlwlrq ri wkh srsxodwlrq zkhq wkh ulfk
lv frqvwlwxwhg rqo| e| kljk0vnloohg djhqwv1:
9Wkh ￿jxuhv iru Hqjodqg dqg Ghqpdun dw wkh ehjlqqlqj ri wkh 4<wk fhqwxu| kdyh vhuyhg dv lqglfdwruv lq
wkh fdoleudwlrq ri vnhzhg +Hqjodqg, dqg  dw +Ghqpdun, lqfrph glvwulexwlrqv1 Lq Olqghuw +4<;9, hvwlpdwhv
iru Hqjodqg duh dydlodeoh vkrzlqj wkdw wkh ulfkhvw 43 shu fhqw ri wkh srsxodwlrq srvvhvvhg dv pxfk dv
83 shu fhqw ri suhwd{ lqfrph lq 4;36 dqg 93 shufhqw ri qrqkxpdq zhdowk1 Gdwd iru Ghqpdun lq Nudxv
+4<;:, iru 4;:3 lqglfdwh wkdw wkh lqfrph vkduh ri wkh wrs43 shu fhqw ri wkh srsxodwlrq zdv 69 shu fhqw1
Lq rughu wr jhw dv fohdu0fxw uhvxowv dv srvvleoh wkh prgho lv vlpxodwhg zlwk wkh wrs43 shu fhqw ri wkh
srsxodwlrq kdylqj 93 dqg 63 shu fhqw ri wrwdo zhdowk1 Uhjduglqj wkh vl}h ri wkh holwh/ lw lv wkh uhvxow ri
d frpsurplvh/ vlqfh wkh holwh sod|v erwk d srolwlfdo dqg hfrqrplf uroh lq wkh prgho1 Rq wkh rqh kdqg/
ihz frxqwulhv kdg dq hohfwrudwh wkdw h{fhhghg 43 shu fhqw ri wkh srsxodwlrq ehiruh 4;831 +Vhh Iorud hw
do +4<;:, dqg Qrkohq +4<:;, iru frxqwu| vshfl￿f ￿jxuhv rq iudqfklvh lq wkh qlqhwhhqwk fhqwxu|1, Rq wkh
rwkhu/ zkhq glylglqj d srsxodwlrq lqwr ulfk dqg srru rqh zrxog zdqw wr dvvljq dw ohdvw 53 shu fhqw ri wkh
srsxodwlrq wr wkh ulfk1
:Wklv dvvxpswlrq jxdudqwhhv wkh frpsdudelolw| ri gl￿huhqw vnloo vhwwlqjv/ iru d jlyhq z31 Krzhyhu/
zlwk wklv dvvxpswlrq wkh ghflvlyh yrwhu fdq uhvxow wr eh mxvw lq ehwzhhq wkh kljk0vnloohg dqg wkh orz0vnloohg
jurxs lq ghprfudflhv1 Wkhuh duh wzr fdvhv1 Ohw wkh holwh eh orz0vnloohg1 Wkhq lq d ghprfudf| wkh ghflvlyh
yrwhu dozd|v zloo ehorqj wr wkh kljk0vnloohg jurxs1 Ohw qrz wkh holwh eh kljk0vnloohg1 Vlqfh wkh jurxsv duh
h{dfwo| wkh vdph vl}h wkh phgldq yrwhu lv mxvw lq ehwzhhq wkh kljk0vnloohg srru dqg wkh orz0vnloohg srru1
Lw kdv wkhuhiruh ehhq dvvxphg wkdw wkh ghflvlyh yrwhu ehorqjv wr wkh orz0vnloohg srru jurxs/ wkdw dovr lv
wkh odujhvw jurxs lq wkh srsxodwlrq1 Wkh uhvxowv jhqhudwhg zlwk wklv dgglwlrqdo dvvxpswlrq jr wkurxjk
45Khqfh/ wkhuh duh wkuhh glphqvlrqv zlwk wzr srvvlelolwlhv hdfk/ vr doorzlqj iru doo frp0
elqdwlrqv ri hfrqrplf/ srolwlfdo dqg vnloo glphqvlrqv phdqv wkdw zh kdyh hljkw hfrqrplhv




Wdeoh 4= Srsxodwlrq vwuxfwxuh zkhq wkh ulfk lv kljk0vnloohg
Wkh ydoxhv ri wkh frqvxpswlrq vkduh/ ￿/ dqg ri wkh vkduh ri fdslwdo lqfrph/ q/ duh
fkrvhq dffruglqj wr zkdw lv frqvlghuhg vwdqgdug lq wkh hfrqrplf olwhudwxuh1; Pruhryhu/
dowkrxjk wkh srsxodwlrq lv qrupdol}hg wr rqh lq wkh prgho/ zkhq vlpxodwlqj lw lv hdvlhu
wr kdyh d odujhu srsxodwlrq vl}h1 Wdeoh 5 suhvhqwv wkhvh fkrvhq sdudphwhu ydoxhv1
?￿q
￿ff f￿Hf ￿￿
Wdeoh 5= Edvlf sdudphwhu ydoxhv
Dv dujxhg lq vhfwlrq 616 wkh ydoxh ri r￿ lv lpsruwdqw iru wkh vxevhtxhqw ghyhorsphqw
dqg pxvw wkhuhiruh eh fkrvhq zlwk fduh1 Dvvxph wkdw r￿￿}￿ ’2 r,J￿/ l1h1 dq r￿￿}￿0djhqw
lv wzlfh dv frpshwhqw dv d r,J￿0djhqw1 Ixuwkhupruh/ ohw ￿f ’D 1< Wdeoh 6 suhvhqwv
wkhvh plqlpxp ydoxhv ri r,J￿ wkdw duh qhfhvvdu| iru jurzwk wr rffxu iru erwk vkdshv
ri lqlwldo zhdowk glvwulexwlrqv1 Fohduo| wkhvh sdudphwhu ydoxhv kdyh qr vwudljkwiruzdug
lqwhusuhwdwlrq/ exw wkh| dw ohdvw jlyh dq lqglfdwlrq rq wkh uhodwlyh vnloo ohyhov qhhghg wr
lqlwldol}h jurzwk1 Zkhq r,J￿ lv ohvv wkdq . qr frxqwu| zloo h{shulhqfh jurzwk/ zkloh doo
frxqwulhv zloo ghyhors d kxpdq0fdslwdo lqwhqvlyh vhfwru li r,J￿ h{fhhgv ￿￿b1
Wkh vnloo vsdfh fdq wkhuhiruh eh glylghg lqwr wkuhh uhjlrqv dv looxvwudwhg lq Iljxuh 41
Lq wkh ￿uvw uhjlrq/ zklfk lv htxlydohqw wr r,J￿ ehlqj ohvv wkdq ./ wkh lpsohphqwhg wd{ udwh
iru doo fdvhv zkhq wkh orz0vnloohg jurxs lv odujhu wkdq wkh kljk0vnloohg1 Vlqfh wklv lv wkh olnho| gluhfwlrq ri
fruuhfwlrq wkh dgglwlrqdo dvvxpswlrq grhv qrw frqvwlwxwh d sureohp1
;Vhh iru h{dpsoh Shurwwl +4<<6, dqg Nuxvhoo dqg U￿rv0Uxoo +4<<:,1
<D orz ohyho ri z3 kdv ehhq fkrvhq iru wzr uhdvrqv= wr hpskdvl}h wkh uroh ri wkh hfrqrplf holwh dqg





kljk0vnloohg phgldq yrwhu 67 :
orz0vnloohg phgldq yrwhu 9: 47
Vnhzhg zhdowk glvwulexwlrq
kljk0vnloohg phgldq yrwhu :3 6
orz0vnloohg phgldq yrwhu 46< 9
Wdeoh 6= Orzhvw erxqgv ri frpshwhqfh
zloo dozd|v eh }hur/ lpso|lqj dq djjuhjdwh surgxfwlrq ohyho ri tf iruhyhu1 Lq wkh plggoh
uhjlrq ri wkh vnloo vsdfh/ frxqwu| diwhu frxqwu| vwduw wr ghyhors1 Dqg zkhq r,J￿ : ￿￿b wkh
jdlqv iurp lqyhvwlqj lq wkh kxpdq fdslwdo lqwhqvlyh vhfwru duh vr odujh wkdw doo hfrqrplhv/
uhjdugohvv ri zhdowk glvwulexwlrq/ lq wklv uhjlrq zloo h{shulhqfh jurzwk143
Wkuhh vhw0xsv ri frpshwhqfh dqg lqlwldo dyhudjh vnloo zloo eh dqdo|}hg lq ghwdlo lq wkh
qh{w vhfwlrq1 Dv d ehqfkpdun fdvh zh vhw r,J￿ ’e fdqg ￿f ’D 1 Lq whupv ri wkh vnloo vsdfh
wklv fdvh ehorqjv wr wkh ￿uvw sduw ri wkh uhjlrq zlwk lqfuhdvlqj jurzwk srwhqwldo/ lpso|lqj
wkdw vrph exw qrw doo frxqwulhv frqvlghuhg zloo ehfrph lqgxvwuldol}hg1 Lq wkh ehqfkpdun
skills





Iljxuh 4= Vnloo vsdfh
fdvh wkh phfkdqlvpv gulylqj wkh uhvxowv zloo eh vwxglhg lq ghwdlo1 Lq wkh uhpdlqlqj wzr
fdvhv r,J￿ dqg ￿f zloo eh ydulhg lqghshqghqwo| ri hdfk rwkhu lq rughu wr eh lq wkh odwhu
43Wkh uhdvrq iru qrw dqdo|}lqj wkh fdvh zkhq doo frxqwulhv jhw lqgxvwuldol}hg lv wkdw lw uhtxluhv dq
h{wuhpho| kljk ohyho ri vnloov/ zklfk lpsolhv dq h{sorvlyh ghyhorsphqw1 Wkh vzlwfk iurp dq djuduldq
hfrqrp| wr dq lqgxvwuldol}hg rqh rffxuv doprvw hqwluho| gxulqj rqh jhqhudwlrq iru doo frxqwulhv zlwk wkdw
vhw0xs1
47uhjlrq zhuh doo frxqwulhv h{fhsw iru rqh lv lqgxvwuldol}hg1
715 Ehqfkpdun
Lq wkh ehqfkpdun fdvh wkh orz frpshwhqfh0ohyho dqg wkh lqlwldo dyhudjh vnloo ohyho kdyh
ehhq fkrvhq lq rughu wr eh lq wkh uhjlrq ri lqfuhdvlqj jurzwk0srwhqwldo lq wkh frpshwhqfh
vsdfh1 Lq rwkhu zrugv/ wkhuh duh frxqwulhv wkdw zloo qrw h{shulhqfh ghyhorsphqw ehfdxvh
ri xqidyrudeoh lqlwldo fkdudfwhulvwlfv1 Lw wxuqv rxw wkdw qr dxwkrulwduldq uhjlph/ h{fhsw
wkh rqh zlwk d  dw lqlwldo zhdowk glvwulexwlrq dqg zhdowk| kljk0vnloohg djhqwv/ h{shulhqfhv
jurzwk1 Wklv fdq eh vhhq lq Iljxuh 51 Wkh uhdvrq iru wkh odfn ri ghyhorsphqw lv wkdw





















Iljxuh 5= Djjuhjdwh lqfrph lq wkh ehqfkpdun fdvh
Wkh dxwkrulwduldq uhjlph wkdw kdv d srvlwlyh ghyhorsphqw grhv frpsdudwlyho| zruvh
wkdq wkh ghprfudwlf uhjlphv1 Wklv ghshqgv rq wkh uhodwlyho| orz wd{ udwh lpsohphqwhg
lq wkh ￿uvw shulrgv/ ehiruh ghprfudwl}dwlrq kdv rffxuuhg1 +Ghwdlohg wdeohv zlwk wd{ udwhv
dqg rwkhu ￿jxuhv ri wkh vlpxodwlrqv duh wr eh irxqg lq Dsshqgl{ D1, Iljxuh 6 vkrzv
wkh ghprfudwl}dwlrq surfhvv/ zkhuh wkh dvvxphg srvlwlyh uhodwlrq ehwzhhq jurzwk dqg











Iljxuh 6= Vl}h ri wkh hohfwrudwh dv d vkduh ri wrwdo srsxodwlrq
Dv fdq eh vhhq lq Wdeoh 7/ d ghprfudwlf uhjlph wkdw shuirupv zhoo lq wkh ￿uvw shulrg/
vxfk dv wkh uhjlph zlwk zhdowk| kljk0vnloohg djhqwv dqg d  dw lqlwldo zhdowk glvwulexwlrq/
odjv lq wkh orqj uxq ehklqg iru h{dpsoh d ghprfudf| zlwk zhdowk| orz0vnloohg lqglylgxdov
dqg lqlwldoo| vnhzhg zhdowk glvwulexwlrq1
| ’￿ | ’e | ’￿ f
Xqhtxdo2K0vnloohg 6 5 5
Iodw2K0vnloohg 4 7 7
Xqhtxdo2O0vnloohg 7 6 6
Iodw2O0vnloohg 5 4 4
Wdeoh 7= Udqnlqj ri ghprfudflhv z u w jurzwk shuirupdqfh
Zkdw duh wkh uhdvrqv iru wklvB Wkh idfwruv lq xhqflqj wkh rxwfrph duh wkh dwwulexwhv
ri wkh phgldq yrwhu dqg wkrvh ri wkh lqlwldoo| ulfk1 Wkh phgldq yrwhu lq wkh iruphu
hfrqrp| lv orz0vnloohg dqg srru dqg yrwhv iru d prghudwh wd{ udwh/ wkdw grhv qrw lwvhoi
jlyh odujh lqfhqwlyhv wr lqyhvw lq wkh kxpdq fdslwdo0lqwhqvlyh vhfwru144 Zkdw pdnhv wklv
44Khu yrwh lv wkh uhvxow ri wzr frxqwhuydlolqj irufhv1 Rq wkh rqh kdqg/ wkh orz zhdowk ohyho ri wkh phgldq
49hfrqrp| vxffhvvixo dw wkh vwduw lv udwkhu wkdw wkh ulfk duh kljk0vnloohg dqg khqfh wkdw
wkh djjuhjdwh dprxqw ri jurzwk0surprwlqj lqyhvwphqwv lq wkh M0vhfwru lv uhodwlyho| odujh
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Iljxuh 7= Lqfrph vkduh ri vrfldo jurxsv
Dv rssrvhg wr wklv/ wkh rwkhu ghprfudf| kdv d phgldq yrwhu zkr lv erwk kljk0vnloohg
dqg srru1 Vlqfh wkh ulfk lq wklv fdvh duh orz0vnloohg/ d shulrg ru wzr lv uhtxluhg ehiruh
wkh djjuhjdwh lqyhvwphqw ohyho lq wkh M0vhfwru ehfrphv hohydwhg1
Wkh hfrqrplf wudqvirupdwlrq ri wkh djuduldq hfrqrplhv lqwr lqgxvwuldol}hg frxqwulhv
kdv frqvhtxhqfhv iru wkh lqfrph glvwulexwlrq1 W|slfdoo| wkh ulfk lq d ghyhorshg hfrqrp|
duh kljk0vnloohg djhqwv1 Wdnh wkh h{dpsoh ri d ghprfudf| wkdw lq shulrg 3 kdv zhdowk|
orz0vnloohg lqglylgxdov dqg d vnhzhg lqfrph glvwulexwlrq> lqgxvwuldol}dwlrq khuh lpsolhv
wkdw wkh ruljlqdoo| ulfk ehfrph uhodwlyho| ohvv zhdowk|/ zkloh wkh kljk0vnloohg djhqwv wkdw
lqlwldoo| zhuh srru jdlq lq whupv ri wkhlu vkduh ri djjuhjdwh lqfrph ￿ vhh Iljxuh 71
Wkh sdwwhuq ri lqgxvwuldol}dwlrq lv looxvwudwhg lq Iljxuh 8/ zkhuh wkh judgxdo sdfh ri
wkh surfhvv lv hylghqw1 Lw wdnhv wkuhh shulrgv iru prvw frxqwulhv ehiruh wkh| kdyh vkliwhg
doo surgxfwlrq iurp rqh vhfwru wr dqrwkhu1
Wkh frqfoxvlrq iurp wkh dqdo|vlv ri wkh ehqfkpdun lv wkdw 0 iurp d ghyhorsphqw
shuvshfwlyh 0 lw lv ehvw wr olyh lq dq lqlwldoo| ghprfudwlf uhjlph1 Rqo| lq wkh fdvh zkhq
yrwhu uhqghuv wkh wd{ exughq ri lqfuhdvhg sxeolf vhuylfh iru wkh djhqw khuvhoi uhodwlyho| vpdoo1 Rq wkh
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Iljxuh 8= Vkduh ri wrwdo surgxfwlrq lq wkh M0vhfwru
wkh dxwkrulwduldq holwh lv uhodwlyho| srru dqg kljk0vnloohg grhv lw rswlpdoo| fkrrvh d wd{
udwh vxfk wkdw lqyhvwphqwv lq wkh jurzwk0hqkdqflqj M0vhfwru duh pdgh1
716 Ydu|lqj vnloov
Lq wklv vhfwlrq zh duh jrlqj wr dqdo|}h wkh rxwfrph ri vlpxodwlqj wkh prgho zkhq wkh vnloo
ohyho lv vr kljk wkdw hyhu| frxqwu|/ h{fhsw iru rqh/ ehfrphv lqgxvwuldol}hg1 Wkh qhfhvvdu|
uhtxluhphqwv iru wklv wr kdsshq lv wkdw e￿￿}￿ lv qrw ohvv wkdq 478/ dffruglqj wr htxdwlrq
+45,1 Zlwk uhvshfw wr wkh ehqfkpdun zh wkhuhiruh kdyh wr lqfuhdvh hlwkhu wkh frpshwhqfh
ohyho/ r,J￿/ ru wkh lqlwldo dyhudjh hgxfdwlrq ohyho1 Wkh iroorzlqj fdvhv= +d, r,J￿ ’. fdqg
￿f ’D > dqg +e, r,J￿ ’e fdqg ￿f ’S Dduh jrlqj wr eh vwxglhg zkloh pdlqwdlqlqj wkh
dvvxpswlrq wkdw r￿￿}￿ ’2 r,J￿1 Lq +d, wkhuhiruh e￿￿}￿ ’￿ e Ddqg e,J￿ ’. D / zkloh lq +e,
e￿￿}￿ ’ ￿eD dqg e,J￿ ’￿ f D 1 Vlqfh wkh dyhudjh vnloo ohyho lv kljkhu lq +e, wkdq lq +d,/ wkh
uhwxuq iurp lqyhvwphqwv lq wkh kxpdq fdslwdo0lqwhqvlyh vhfwru lv odujhu lq +d,1
Vlpxodwlqj wkh prgho iru wkh wzr vhwv ri sdudphwhuv jlyhv wkh uhvxow wkdw wkh hfrqrplf
wudqvirupdwlrq lv pruh udslg zlwk d kljkhu dyhudjh vnloo ohyho/ l1h1 ghprfudwl}dwlrq rffxuv
hduolhu dqg wkh djjuhjdwh lqfrph ohyho lv kljkhu lq +e,/ dv looxvwudwhg lq Iljxuh 91 Khqfh/


















Wi t h  ( a )
Wi t h  ( b )
Iljxuh 9= Djjuhjdwh lqfrph lq dxwkrulwduldq uhjlphv
ri lqgxvwuldol}dwlrq surfhvvhv1
Olnh lq wkh ehqfkpdun fdvh/ wkh dxwkrulwduldq uhjlph wkdw shuirupv ehvw lv wkh rqh
zlwk dq lqlwldoo|  dw zhdowk glvwulexwlrq dqg zhdowk| kljk0vnloohg djhqwv zlwk erwk sd0
udphwhu vhw0xsv1 Rq dyhudjh ghprfudflhv vwloo lqgxvwuldol}hv wr d juhdwhu h{whqw/ dqg wkh
frxqwu| wkdw grhv qrw ghyhors dw doo kdv dq dxwkrulwduldq uhjlph1 D qhz ihdwxuh wkdw
dsshduv zkhq ydu|lqj vnloov lv wkdw dxwkrulwduldq frxqwulhv zlwk  dw zhdowk glvwulexwlrqv
duh ghprfudwl}hg hduolhu wkdq wkrvh zlwk lqlwldoo| vnhzhg zhdowk glvwulexwlrqv vlqfh wkh
devroxwh jds lq whupv ri ehtxhvwv/ wkdw kdv wr eh eulgjhg e| d srru djhqw/ lv vpdoohu1
717 Glvfxvvlrq ri wkh Uhvxowv
Wkh vlpxodwlrqv jhqhudwh wzr eurdg frqfoxvlrqv1 Iluvw/ qr vhwxs ri lqlwldo fkdudfwhulvwlfv
pd{lpl}hv d frxqwu|*v ghyhorsphqw lq doo vlwxdwlrqv1 Wdeoh 8 suhvhqwv wkh udqnlqj ri wkh
frxqwulhv zlwk uhvshfw wr wkh ohyho ri djjuhjdwh lqfrph wkh| dfklhyh diwhu irxu shulrgv1 Lq
wkh froxpq lqglfdwhg dv ￿Plqlpxp￿ wkh frxqwulhv duh udqnhg dffruglqj wr wkh plqlpxp
ohyho ri frpshwhqfh wkh| qhhg wr vwduw wkh lqgxvwuldol}dwlrq surfhvv1 Wkhvh uhvxowv duh
ghulyhg iurp Wdeoh 6145 Lw fdq eh qrwlfhg wkdw dq lqlwldoo| ghprfudwlf uhjlph zlwk zhdowk|
orz0vnloohg djhqwv dqg dq lqlwldoo| vnhzhg zhdowk glvwulexwlrq uhtxluhv wkh ohdvw dprxqw ri
frpshwhqfh iurp wkh phgldq yrwhu wr vwduw lqgxvwuldol}lqj 0lqglfdwhg zlwk 41 Frxqwulhv
45Qrwlfh wkdw wkhvh ￿jxuhv duh ydolg xqghu wkh dvvxpswlrq wkdw iudqfklvh lv qrw h{whqghg1
4<wkdw lqlwldoo| kdyh d ghprfudwlf uhjlph srvvhvv lq wklv vhqvh pruh jurzwk0srwhqwldo wkdq
wkrvh zlwk dq dxwkrulwduldq uhjlph1
Plqlpxp Ehqfk Frpshwhqfh Dy1 Hgxfdwlrq
Dxwk 2 K0vnloohg 2 vnhzhg zhdowk glvwu : 9 : :
Dxwk 2 K0vnloohg 2  dw zhdowk glvwu 8 8 6 6
Dxwk 2 O0vnloohg 2 vnhzhg zhdowk glvwu ; 9 ; ;
Dxwk 2 O0vnloohg 2  dw zhdowk glvwu 9 9 9 7
Ghp 2 K0vnloohg 2 vnhzhg zhdowk glvwu 5 5 7 8
Ghp 2 K0vnloohg 2  dw zhdowk glvwu 7 7 5 4
Ghp 2 O0vnloohg 2 vnhzhg zhdowk glvwu 4 4 8 9
Ghp 2 O0vnloohg 2  dw zhdowk glvwu 6 6 4 5
Wdeoh 8= Udqnlqj ri hfrqrplhv zlwk gl￿huhqw dvvxpswlrqv
Wkh wkuhh odvw froxpqv lq Wdeoh 8 lqglfdwh wkh udqnlqj lq whupv ri jurzwk lq uhvshf0
wlyho| wkh ehqfkpdun dqg lq wkh wzr fdvhv zkhq vnloov duh ydulhg dv ghvfulehg lq vhfwlrq 7161
Frpsdulqj wkh froxpqv lw lv hylghqw wkdw wkh udqnlqj ehwzhhq frxqwulhv vkliw dffruglqj
wr wkh pl{ ri lqlwldo lqvwlwxwlrqdo fkdudfwhulvwlfv1
Wkh vhfrqg eurdg frqfoxvlrq lv wkdw wkh wlph krul}rq pdwwhuv zkhq mxgjlqj zklfk
lqvwlwxwlrqdo iudphzrun kdv prvw jurzwk srwhqwldo1 Wkh frxqwu| wkdw shuirupv ehvw lq
wkh orqj uxq lv qrw dozd|v wkh rqh zlwk wkh kljkhvw ohyho ri djjuhjdwh lqfrph lq wkh ￿uvw
shulrg/ dv vkrzq lq Wdeoh 71 Wklv ghshqgv rq wkh whqvlrq ehwzhhq zkdw fkdudfwhulvwlfv
duh srvlwlyh iru vkruw uhvshfwlyho| orqj uxq jurzwk1 D  dw zhdowk glvwulexwlrq fdq lqlwldoo|
fdxvh kljk djjuhjdwh lqfrph vlqfh doo djhqwv lqyhvw uhodwlyho| pxfk1 Exw dw wkh vdph wlph
d  dw lqfrph glvwulexwlrq riwhq lpsolhv wkdw wkh wd{ udwh lv wrr orz1 Khqfh diwhu rqh ru d
ihz shulrgv wkh hfrqrp| zlwk d  dw zhdowk glvwulexwlrq pd| kdyh d orzhu djjuhjdwh lqfrph
wkdq d frxqwu| zlwk dq lqlwldoo| vnhzhg zhdowk glvwulexwlrq/ wkdw vxffhhgv lq udlvlqj pruh
wd{ uhyhqxhv1
Dowkrxjk wkhvh eurdg frqfoxvlrqv srlqw wr wkh lpsrvvlelolw| ri gudzlqj jhqhudo lp0
solfdwlrqv derxw wkh rswlpdo lqvwlwxwlrqdo vhwxs/ wkhuh duh vrph uhvxowv uhjduglqj jurzwk
wkdw duh urexvw wr yduldwlrqv lq wkh sdudphwhu ydoxhv1
53Ryhudoo/ lqlwldoo| ghprfudwlf uhjlphv uhtxluh orzhu ohyhov ri vnloov wr lqgxvwuldol}h/ vlqfh
lq wkhvh hfrqrplhv wkh phgldq yrwhu lv srru dqg khqfh lpsohphqwv d kljk wd{ udwh zklfk/
iurp dq djjuhjdwh lqfrph0pd{lpl}lqj shuvshfwlyh/ lv ghvludeoh lq wklv sdshu1 Wkhuhiruh/
rq wkh rqh kdqg/ zkhq wkh vnloo ohyho lv uhodwlyho| orz rqo| ghprfudwlf uhjlphv ghyhors
hfrqrplfdoo|1 Rq wkh rwkhu/ zkhq vnloov duh vr kljk wkdw doo frxqwulhv lqghshqghqwo| ri
lqlwldo fkdudfwhulvwlfv duh lqgxvwuldol}hg wkhq wkh lqlwldoo| ghprfudwlf uhjlphv rq dyhudjh
kdyh d pruh idyrudeoh ghyhorsphqw1
Uhjduglqj dxwkrulwduldq uhjlphv lw lv srvvleoh wr lqglfdwh zklfk fkdudfwhulvwlfv duh prvw
lpsruwdqw iru lqgxvwuldol}dwlrq/ vlqfh wkh udqnlqj ri frxqwulhv zlwk dxwkrulwduldq uhjlphv
lv qdpho| dozd|v wkh vdph1 Wkh dxwkrulwduldq uhjlph wkdw shuirupv ehvw/ l1h1 dfklhyhv
wkh kljkhvw djjuhjdwh lqfrph/ kdv dq lqlwldoo|  dw zhdowk glvwulexwlrq dqg zhdowk| kljk0
vnloohg lqglylgxdov1 Pruhryhu/ wkh uhjlph wkdw lv wkh odvw wr ehfrph lqgxvwuldol}hg xqghu
doo lqlwldo frqglwlrqv lv wkh dxwkrulwduldq uhjlph zlwk zhdowk| orz0vnloohg djhqwv dqg dq
lqlwldoo| vnhzhg zhdowk glvwulexwlrq1 Vwxg|lqj Wdeoh 8 lw dsshduv wkdw ￿uvw ri doo lw lv
lpsruwdqw wr kdyh dq lqlwldoo|  dw zhdowk glvwulexwlrq/ dqg vhfrqgo| wr kdyh kljk0vnloohg
zhdowk| lqglylgxdov1
718 Urexvwqhvv ri wkh uhvxowv
Wkh urexvwqhvv ri wkh uhvxowv lv whvwhg e| ydu|lqj wkh sdudphwhuv lq wkh prgho1 Wkh
vl}h ri wkh ulfk jurxs lv lqwxlwlyho| lpsruwdqw iru wkh rxwfrph/ vr zh vwduw e| ydu|lqj
wklv sdudphwhu nhhslqj lqlwldo dyhudjh lqfrph frqvwdqw1 Vlpxodwlrqv kdyh ehhq uxq zlwk
wkh ulfk frqvwlwxwlqj 4/ 8 dqg 53 shu fhqw ri wkh srsxodwlrq/ zkloh srvvhvvlqj 93 dqg 63
shu fhqw ri djjuhjdwh zhdowk uhvshfwlyho|1 Wkh vshhg ri wkh wudqvlwlrq surfhvv lv kljkhu
wkh odujhu wkh vkduh ri wkh srsxodwlrq ehlqj ulfk1 Ixuwkhupruh/ wkh odujhu wkh qxpehu
ri zhdowk| djhqwv lq d frxqwu|/ wkh pruh frxqwulhv ehfrph lqgxvwuldol}hg1 Zkdw duh wkh
uhdvrqv iru wkhvh uhvxowvB Zkdw fkdqjhv ehwzhhq wkhvh fdvhv dqg wkh ehqfkpdun lv wkh
ghflvlyh yrwhu*v ehtxhvw lq uhodwlrq wr dyhudjh ehtxhvw1 Lq dxwkrulwduldq uhjlphv d vpdoohu
jurxs ri ulfk djhqwv wkdq lq wkh ehqfkpdun fdvh klqghu jurzwk/ zkloh jurzwk lv hqkdqfhg
zlwk d odujhu jurxs ri ulfk djhqwv1 Lq frxqwulhv wkdw duh lqlwldoo| ghprfudwlf wkh fkdqjh lq
wkh qxpehu ri zhdowk| djhqwv rqo| kdv ohyho0h￿hfwv= wkh djjuhjdwh lqfrph dqg wkh vkduh
54ri wrwdo surgxfwlrq lq wkh M0vhfwru duh kljkhu1 Wkh uhdvrq lv wkdw wkh yduldwlrq ri wkh lq
wkh frpsrvlwlrq ri wkh srsxodwlrq grhv qrw dowhu wkh fkdudfwhulvwlfv ri wkh phgldq yrwhu1
Wkh pdlq uhvxowv krog zkhq ydu|lqj wkh qxpehu ri zhdowk| djhqwv lq wkh srsxodwlrq/ l1h1
wkhuh lv qr vhw0xs ri lqlwldo fkdudfwhulvwlfv wkdw pd{lpl}hv ghyhorsphqw lq doo vlwxdwlrqv
dqg wkh wlph krul}rq grhv vwloo pdwwhu1 Dovr wkh plqru uhvxowv krog= wkh dxwkrulwduldq
uhjlph wkdw surprwhv jurzwk wkh prvw lv vwloo wkh rqh zlwk d  dw zhdowk glvwulexwlrq dqg
zhdowk| kljk0vnloohg lqglylgxdov> ghprfudflhv vwloo kdyh prvw jurzwk srwhqwldo> dqg wkh
lqwhuqdo udqnlqj ri ghprfudflhv vkliwv/ dv ehiruh/ zlwk uhvshfw wr wkh sdudphwhu ydoxhv
xvhg lq wkh vlpxodwlrqv1
Dv fdq eh vhhq lq htxdwlrq +45, wkh ohyho ri ^ grhv qrw d￿hfw wkh jurzwk srwhqwldo ri
d frxqwu|1 Krzhyhu/ d ohyho ri ^ ohvv wkdq
￿
￿3￿ pdnhv lqyhvwphqwv lq wkh M0vhfwru hyhq
pruh sur￿wdeoh1 Lq frxqwulhv wkdw ehfrph lqgxvwuldol}hg wklv lpsolhv wkdw wkh vshhg ri
wudqvirupdwlrq lv uhodwlyho| kljkhu/ zkloh iru wkh frxqwulhv wkdw uhpdlq djuduldq hfrqrplhv
wkhuh lv d judgxdo ghfuhdvh ri lqfrphv1 Wkh rssrvlwh kdsshqv zkhq ^:
￿
￿3￿1 Ydu|lqj wkh
vkduh ri fdslwdo lqfrph d￿hfwv wkh jurzwk srwhqwldo ri hfrqrplhv gluhfwo|1 Iru h{dpsoh
lq wkh ehqfkpdun fdvh qr dxwkrulwduldq uhjlphv zrxog ehfrph lqgxvwuldol}hg li q ’f ￿e/
dqg lq ghprfudflhv wkh wudqvlwlrq surfhvv zrxog eh surorqjhg1 Li wkh vkduh ri fdslwdo
lqfrph lv ghfuhdvhg wr f￿2/ wkhq lqgxvwuldol}lqj lv pruh sur￿wdeoh iru doo djhqwv1 Jlyhq d
fhuwdlq vkdsh ri wkh zhdowk glvwulexwlrq/ wkh jurzwk udwh ri dq hfrqrp| lv lqghshqghqw ri
wkh lqlwldo ohyho ri djjuhjdwh lqfrph/ ￿f1 Wklv kdv vljql￿fdqw hpslulfdo lpsolfdwlrqv1 Lw
lqglfdwhv wkdw lqlwldo gl￿huhqfhv lq wkh ohyho ri shu fdslwd zhdowk kdyh shupdqhqw frqvh0
txhqfhv lq wkdw wkhuh lv qr fdwfklqj xs li frxqwulhv kdyh wkh vdph lqlwldo fkdudfwhulvwlfv
exw gl￿huhqw lqfrph shu fdslwd ohyhov1
Wkh ryhudoo frqfoxvlrq iurp wkh urexvwqhvv whvw lv khqfh wkdw wkh txdolwdwlyh uhvxowv
jr wkurxjk zkhq wkh sdudphwhu ydoxhv duh fkdqjhg1
558 Hpslulfdo Hylghqfh
814 Wdnlqj wkh Prgho wr wkh Gdwd
Wkh dlp ri wkh hpslulfdo vhfwlrq lv wr vwxg| zkhwkhu wkh rxwfrphv ri wkh prgho duh
frqvlvwhqw zlwk gdwd1 Dowkrxjk wkh prgho dovr jhqhudwhv rwkhu k|srwkhvhv/ lqwhuhvw lv
irfxvhg rq zkhwkhu wkh vlpxodwhg whfkqrorjlfdo wudqvlwlrq ri frxqwulhv fruuhvsrqgv wr wkh
dfwxdo ghyhorsphqw1 Iru h{dpsoh/ grhv wkh Xqlwhg Vwdwhv ehorqj wr wkh jurxs ri frxqwulhv
wkdw duh ￿uvw wr ehfrph lqgxvwuldol}hg dffruglqj wr wkh prghoB
Wr eh deoh wr frqiurqw wkh prgho zlwk gdwd vrph yduldeohv kdyh wr eh frqvwuxfwhg1
Fulwhuld iru ghwhuplqlqj wkh w|sh ri uhjlph lq d frxqwu| pxvw eh ghflghg rq1 L fkrrvh wr
gr wkdw lq dffrugdqfh zlwk wkh glvfuhwh vwuxfwxuh ri wkh prgho1 Iru h{dpsoh/ d frxqwu|
lv hlwkhu vdlg wr eh dxwkrulwduldq ru ghprfudwlf/ zkloh wkh lqlwldo lqfrph glvwulexwlrq lv
hlwkhu  dw ru vnhzhg1 Vlqfh wkh prgho klqjhv rq wkh h{lvwhqfh ri d odujh vkrfn/ erwk
wkh vwduw dqg wkh hqg srlqw ri wkh klvwrulfdo gdwd vhulhv kdyh wr eh vhohfwhg zlwk fduh1 L
kdyh fkrvhq wr vwxg| wkh ghyhorsphqw ri 56 hfrqrplhv gxulqj wkh vr fdoohg ￿uvw lqgxvwuldo
uhyroxwlrq1 Zkdw duh wkh prwlyhv iru fkrrvlqj wklv klvwrulfdo shulrgB
Whfkqrorjlfdo surjuhvv dffrpsolvkhg gxulqj wkh ￿uvw lqgxvwuldo uhyroxwlrq fdq eh frq0
vlghuhg dq h{dpsoh ri d pdmru h{rjhqrxv vkrfn wkdw shupdqhqwo| dowhuhg wkh lqfhqwlyhv
wr lqyhvw lq wkh kxpdq fdslwdo0lqwhqvlyh vhfwru1 Dv dujxhg lq Urvhqehuj dqg Elug}hoo
+4<;9,/ wklv uhyroxwlrq zdv wkh uhvxow ri fhqwxulhv ri fkdqjhv dw wkh hfrqrplf/ srolwlfdo/
whfkqrorjlfdo dqg lqvwlwxwlrqdo ohyho1 Lw lv wkhuhiruh vlpsolvwlf wr fodlp wkdw wklv uhyrox0
wlrq rffxuuhg dw d vshfl￿f srlqw lq wlph1 Krzhyhu/ zkdw L dp lqwhuhvwhg lq lv zkhq wkhvh
fkdqjhv dowhuhg wkh lqfhqwlyhv ri wkh pdvvhv1 L sursrvh pdlqo| iru wzr uhdvrqv wkh ￿uvw
ihz ghfdghv ri wkh 4<wk fhqwxu| ￿ vd| 4;53 wr kdyh d ￿{hg gdwh wr uhihu wr ￿ dv wkh wlph
zkhq wkh h{whuqdo vkrfn rffxuuhg 1 Iluvw/ wkh Qdsrohrqlf zduv zhuh hqglqj dqg pdq| ri
wkh whfkqlfdo lqqrydwlrqv qhfhvvdu| iru d odujh0vfdoh lqgxvwuldol}dwlrq kdg ehhq pdgh146
46Vhh fkdswhu 8 lq Urvhqehuj dqg Elug}hoo +4<;9, iru lqirupdwlrq derxw wkh lqqrydwlrqv1 Ixuwkhupruh/
Nhqzrrg dqg Orxjkhg +4<<5, vwdwh wkdw ￿wkh dydlodeoh hylghqfh iru wkh 4<wk fhqwxu| vxjjhvwv wkdw wkh
gl￿xvlrq ri prghuq lqgxvwuldo whfkqrorj| ehwzhhq frxqwulhv zdv pxfk idvwhu wkdq lwv gl￿xvlrq zlwklq
frxqwulhv￿1 Wklv klqwv wr wkh idfw wkdw wkh pdmru revwdfohv wr lqgxvwuldol}dwlrq zhuh qdwlrq0vshfl￿f/ dqg
qrw fdxvhg e| wkh odfn ri whfkqlfdo nqrzohgjh1
56Vhfrqg/ iurp d sudfwlfdo ylhzsrlqw/ gdwd lv doprvw qrq0h{lvwhqw iru suhylrxv shulrgv/ dsduw
iurp d kdqgixo ri Hxurshdq frxqwulhv147 Fohduo| gdwd uhpdlqv d sureohp iurp 4;53 dqg
iruzdug wrr/ exw iru prvw ri wkh yduldeohv uhtxluhg dw ohdvw sur{lhv duh jlyhq lq Dghopdq
dqg Wdiw Pruulv +4<;;, ru lq Pdgglvrq +4<<8,1 Lw vhhpv uhdvrqdeoh wr ohw wkh vdpsoh
hqg zlwk wkh ehjlqqlqj ri Zruog Zdu L/ zklfk/ olnh wkh lqgxvwuldo uhyroxwlrq/ pxvw eh
frqvlghuhg d odujh vkrfn wkdw surirxqgo| d￿hfwhg hfrqrplf frqglwlrqv1 Wklv phdqv wkdw L
kdyh d wlph shulrg ri kxqguhg |hduv/ urxjko| fruuhvsrqglqj wr irxu shulrgv lq wkh prgho1
815 Klvwrulfdo Gdwd
Wkh jurxs ri 56 frxqwulhv vwxglhg +vhh Wdeoh 9 iru d olvw, frqwdlqv erwk Hxurshdq/ Dphul0
fdq dqg Dvldq vwdwhv dqg lv wkhuhiruh dq lqwhuhvwlqj furvv0vhfwlrq1 Krz duh wkhvh frxqwulhv
fodvvl￿hg dffruglqj wr wkhlu fkdudfwhulvwlfvB D eulhi ghvfulswlrq ri wkh gdwd xvhg lv suh0
vhqwhg ehorz/ zkloh pruh ghwdlohg dffrxqwv ri wkh vhulhv duh wr eh irxqg lq Dsshqgl{
E1
Zhdowk| kljk0vnloohg djhqwv Zhdowk| orz0vnloohg djhqwv
Iodw lqfrph Ghqpdun/ Qhwkhuodqgv/ Vzlw}huodqg/ Exupd/ Fklqd/
glvwulexwlrq Ehojlxp/ Fdqdgd/ Iudqfh/ Qruzd|/ Lqgld/ Mdsdq
Vzhghq/ XV/ Qhz ]hdodqg/
Vnhzhg lqfrph Juhdw Eulwdlq/ Dxvwudold Jhupdq|/ Vsdlq/ Dujhqwlqd/
glvwulexwlrq Eud}lo/ Hj|sw/ Lwdo|/ Uxvvld
Wdeoh 9= Fodvvl￿fdwlrq ri dxwkrulwduldq uhjlphv
Wr dvvhuw zkhwkhu d frxqwu| zdv ghprfudwlf ru qrw wkh h{whqw ri iudqfklvh lq 4;53
lv xvhg148 Vlqfh doprvw rqo| phq zhuh doorzhg wr yrwh dqg wkhuh riwhq zhuh lqfrph ru
surshuw| uhvwulfwlrqv wr yrwlqj xqwlo wkh wzhqwlhwk fhqwxu|/ xqlyhuvdo pdoh vx￿udjh lv xvhg
47Vhh Iorud dqg Sihqqlqj +4<;:,1
48Wkh sureohp ri uhyhuvh fdxvdwlrq kdv ehhq dyrlghg e| phdvxulqj wkh h{whqw ri iudqfklvh dw wkh
ehjlqqlqj ri wkh shulrg ri dqdo|vlv1 Uhjduglqj dyhudjh vfkrrolqj dqg lqhtxdolw| wkh vdph surfhgxuh kdv
ehhq dssolhg1
57dv wkh lqglfdwru ri d frxqwu|*v srolwlfdo uhjlph1 D frxqwu| lv frqvlghuhg wr eh d ghprfudf|
zkhq doo phq ri holjleoh djh kdyh wkh uljkw wr yrwh1 Wklv zdv qrw wkh fdvh iru dq| ri wkh
frxqwulhv lq 4;53 dqg khqfh qr frxqwu| lv fodvvl￿hg dv ehlqj ghprfudwlf dw wkh ehjlqqlqj
ri wkh shulrg149
Wkh vnloo glvwulexwlrq/ dv gh￿qhg lq wklv sdshu/ uh hfwv wzr ihdwxuhv= dyhudjh vfkrrolqj
lq wkh srsxodwlrq dqg wkh frpshwhqfh ri dq djhqw1 Wr hvwlpdwh zkhwkhu wkh ulfk djhqwv
zhuh lqlwldoo| kljk0vnloohg/ dq lqgh{ ri wkh ￿idyrudeohqhvv ri dwwlwxghv wrzdug hqwuhsuhqhxu0
vkls￿ lq Dghopdq dqg Wdiw Pruulv +4<;;, kdv ehhq xvhg1 Dffruglqj wr wkh dxwkruv/ ￿^zh‘
jurxs frxqwulhv e| wkh h{whqw wr zklfk wkh hvwdeolvkhg vrfldo holwh kdg idyrudeoh dwwlwxghv
wrzdugv hqwuhsuhqhxuldo vxffhvv ￿ sduwlfxoduo| hqwuhsuhqhxuldo vxffhvv zlwk idfwru| hqwhu0
sulvh1 ^111‘ Lq fodvvli|lqj frxqwu| revhuydwlrqv/ zh gr qrw mxgjh zkhwkhu dwwlwxghv wrzdugv
hqwuhsuhqhxuvkls khoshg ru klqghuhg jurzwk1￿4: Wkh xqghuo|lqj dvvxpswlrq lv wkhq wkdw
d idyrudeoh dwwlwxgh wrzdugv hqwuhsuhqhxuvkls lv w|slfdo ri d kljk vnloohg0hfrqrplf holwh1
Dv dq lqglfdwru ri wkh dyhudjh hgxfdwlrq lq wkh srsxodwlrq hquroophqw lq sulpdu|
hgxfdwlrq lv hpsor|hg1 Vlqfh wkhuh duh qr gdwd rq hquroophqw udwhv iru 4;53 iru dq| ri wkh
frxqwulhv/ dq lqgh{ ryhu wkh vsuhdg ri sulpdu| hgxfdwlrq iurp Dghopdq dqg Wdiw Pruulv
+4<;:, lv xvhg lqvwhdg1
Wkh lqfrph ohyho shu fdslwd lv hvwlpdwhg e| JGS shu fdslwd1 Exw wkh lqlwldo lqfrph
glvwulexwlrq lv gl!fxow wr lghqwli| zlwk fhuwdlqw|> txdqwlwdwlyh lqirupdwlrq lv vfdufh1 Gli0
ihuhqw vrxufhv wkhuhiruh kdyh wr eh hpsor|hg lq rughu wr frqvwuxfw d fodvvl￿fdwlrq1 Wkh
vwduwlqj srlqw xvhg lv dq lqgh{ ri ￿frqfhqwudwlrq lq odqgkroglqjv￿ iru 4;83 ri Dghopdq
dqg Wdiw Pruulv +4<;;,/ zklfk lv frqvwuxfwhg lq rughu wr eh ￿lqglfdwlyh ri wkh glvwulexwlrq
ri djulfxowxudo vxusoxv deryh vxevlvwhqfh￿14;
Wkh frqvlghudwlrqv deryh ohdg wr wkh fodvvl￿fdwlrq ri wkh frxqwulhv lq wkh vdpsoh zlwk
uhvshfw wr vnloov/ srolwlfdo uhjlph dqg vkdsh ri lqlwldo lqfrph glvwulexwlrq suhvhqwhg lq
Wdeoh 91 Zlwklq hdfk ri wkh irxu jurxsv wkh frxqwulhv kdyh ehhq udqnhg zlwk uhvshfw wr
49Hljkw ri wkh 56 frxqwulhv/ qdpho| Dujhqwlqd/ Dxvwudold/ Eud}lo/ Exupd/ Fdqdgd/ Lqgld/ Qhz ]hdodqg
dqg Qruzd| zhuh qrw lqghshqghqw frxqwulhv lq 4;531 Lwdo| dqg Jhupdq| glg qrw h{lvw dv srolwlfdo hqwlwlhv1
Wkhvh frxqwulhv duh gh￿qhg dv dxwkrulwduldq uhjlphv jlyhq wkh odfn ri ghprfudwlf lq xhqfh1
4:Dghopdq dqg Wdiw Pruulv +4<;;,/ s1 5681
4;Dghopdq dqg Wdiw Pruulv +4<;;,/ s1 45<1
58wkhlu ohyho ri vfkrro hquroophqw1 Ghqpdun/ Qhwkhuodqgv dqg Vzlw}huodqg duh iru h{dpsoh
wkh frxqwulhv lq wkh ￿uvw jurxs wkdw kdyh wkh kljkhvw vfkrro hquroophqw1 Lq wkh iroorzlqj
vhfwlrq wkh dfwxdo hfrqrplf dqg srolwlfdo ghyhorsphqw ri wkhvh 56 frxqwulhv lv frpsduhg
zlwk wkh rxwfrphv ri wkh vlpxodwlrqv1 Zkdw uhpdlqv wr eh hvwdeolvkhg lv krz wr phdvxuh
wkh h{whqw wr zklfk d frxqwu| ehfdph lqgxvwuldol}hg ru ohvv lqgxvwuldol}hg1 Qrupdoo| wkh
jurzwk ri JGS shu fdslwd lv xvhg wr judvs wkh hfrqrplf ghyhorsphqw ri qdwlrqv1 JGS shu
fdslwd lv krzhyhu dq dghtxdwh phdvxuh ri wkh wudqvlwlrq wr dq lqgxvwuldol}hg hfrqrp| rqo|
li wkh fkdqjh lq shu fdslwd lqfrph lv gxh wr lqgxvwuldol}dwlrq gluhfwo|1 Li lw iru h{dpsoh lv
wkh uhvxow ri lqfuhdvhg wudgh lq qrq0pdqxidfwxuhg jrrgv/ lw reylrxvo| qr orqjhu lv d jrrg
phdvxuh1 Dq lqgh{ ri rxwsxw ri pdqxidfwxuhv shu khdg ri srsxodwlrq lq 4<46/ ghvljqhg
e| D1 Ohzlv +4<:;,/ lv wkhuhiruh xvhg wr fdswxuh wr zklfk h{whqw qdwlrqv kdg ehfrph
lqgxvwuldol}hg dorqj zlwk wkh jurzwk udwh ri JGS shu fdslwd1
816 Frpsdulqj wkh Prgho zlwk Gdwd
Wr zkdw h{whqw grhv wkh uhvxowv ri wkh vlpxodwlrqv uhjduglqj wkh lqgxvwuldol}dwlrq ri dx0
wkrulwduldq uhjlphv pdwfk wkdw ri wkh uhdo zruogB Iljxuh : suhvhqwv wkh udqnlqj ri frxq0
wulhv zlwk uhvshfw wr wkhlu ghjuhh ri lqgxvwuldol}dwlrq lq 4<46 dqg wkh vlpxodwlrq uhvxowv1
Wkh lghdo zd| ri surfhhglqj zkhq vwxg|lqj wkh rxwfrph ri wkh prgho zrxog kdyh ehhq wr
vlpxodwh wkh prgho iru hdfk frxqwu| lq wkh vdpsoh dqg wkhq udqn wkhp lq whupv ri wkhlu
jurzwk shuirupdqfh1 Krzhyhu/ iru wkdw wr eh phdqlqjixo suhflvh hvwlpdwhv ri wkh lqlwldo
lqgxvwuldol}dwlrq ohyho/ wkh uhwxuq wr lqyhvwphqwv lq hdfk frxqwu|/ hwf1 zrxog kdyh ehhq
uhtxluhg1 Jlyhq wkh odfn ri wkdw nlqg ri gdwd/ wkh frxqwulhv lq wkh uljkw froxpq lq Wdeoh
: duh rqo| udqnhg dffruglqj wr wkhlu jurxs shuirupdqfh lq wkh vlpxodwlrqv1
Dffruglqj wr wkh vlpxodwlrqv frxqwulhv lq Jurxs 4 vkrxog ehfrph lqgxvwuldol}hg ￿uvw1
Frpsdulqj wkh vlpxodwlrq uhvxowv zlwk gdwd wkhuh duh wkuhh rxwolhuv/ qdpho| Dxvwudold/
Jhupdq| dqg Juhdw Eulwdlq1 Rxw ri wkhvh wkuhh wkh fdvh ri Juhdw Eulwdlq pljkw eh h{0
sodlqdeoh lq uhodwlrq wr lwv ohyho ri lqgxvwuldol}dwlrq lq 4;53/ zkloh lq wkh fdvhv ri Dxvwudold
dqg Jhupdq| wkh rxwfrph pd| ghshqg rq wkh fodvvl￿fdwlrqv pdgh1 Zkhq vlpxodwlqj
wkh prgho lw lv dvvxphg wkdw doo frxqwulhv kdg qr lqgxvwuldo surgxfwlrq lq shulrg 31 Wklv




























































Iljxuh := Lqgxvwuldol}dwlrq lq gdwd dqg prgho/ 4<46
Eulwdlq pd|eh vkrxog eh h{foxghg iurp wkh vdpsoh1 Iru wkh fdvh ri Dxvwudold lw pljkw
zhoo eh wkdw wkh lqfrph glvwulexwlrq zdv  dw lq 4;53/ dv dujxhg lq Dsshqgl{ E16/ dqg wkh
frxqwu| wkhuhiruh vkrxog ehorqj wr wkh jurxs zlwk wkh kljkhvw suhglfwhg jurzwk1 Lw zrxog
dovr eh srvvleoh wr dujxh wkdw Jhupdq| vkrxog eh lqfoxghg lq Jurxs 6 vlqfh hquroophqw
lq sulpdu| vfkrro zdv uhodwlyho| kljk14<
Kdylqj h{dplqhg wkh udqnlqj ri frxqwulhv lq gdwd dqg wkh prgho/ lw lv lqwhuhvwlqj
wr ixuwkhu vwxg| wkh fruuhodwlrqv ehwzhhq wkh pdlq yduldeohv/ ￿uvw e| lqvshfwlqj furvv0
vhfwlrq sorwv dqg odwhu e| vrph uhjuhvvlrq dqdo|vlv1 Iljxuh ; frqwdlqv sorwv ri frpshwhqfh/
lqhtxdolw| dqg sulpdu| vfkrro hquroophqw djdlqvw erwk wkh dyhudjh dqqxdo jurzwk udwh
4;5304<46 dqg wkh lqgxvwuldol}dwlrq lqgh{ iru 4<461 Wkh yduldeohv rq wkh [0d{lv uhihu
wr wkh ehjlqqlqj ri wkh shulrg ri dqdo|vlv +4;53,1 Wkh prgho suhvxphv wkdw wkhuh lv d
srvlwlyh uhodwlrqvkls zlwk wkh kxpdq fdslwdo yduldeohv dqg lqgxvwuldol}dwlrq/ zkloh wkh
lqfrph glvwulexwlrq vkrxog kdyh dq dpelydohqw h￿hfw rq lqgxvwuldol}dwlrq1 Lw fdq eh
vhhq wkdw wkhuh lv d srvlwlyh uhodwlrqvkls ehwzhhq wkh frpshwhqfh ri wkh ulfk 4;53 dqg
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Iljxuh ;= Sorwwlqj frpshwhqfh/ lqhtxdolw| dqg vfkrrolqj djdlqvw jurzwk dqg lqgxvwuldo0
l}dwlrq
5;wkh ghjuhh ri lqgxvwuldol}dwlrq lq 4<46/ dv zhoo dv ehwzhhq frpshwhqfh dqg wkh jurzwk
udwh ri JGS gxulqj wklv shulrg1 Wkh iruphu fruuhodwlrq lv krzhyhu vwurqjhu wkdq wkh
odwwhu1 Wkh sorwv iru wkh vfkrrolqj lqgh{ duh dqdorjrxv= wkh fruuhodwlrq ri sulpdu| vfkrro
hquroophqw lv pxfk pruh vljql￿fdqwo| fruuhodwhg zlwk lqgxvwuldol}dwlrq wkdq zlwk jurzwk1
Lqhtxdolw| vhhpv wr eh xquhodwhg wr erwk lqgxvwuldol}dwlrq dqg wkh jurzwk udwh dv fdq eh
vhhq lq Iljxuh ;1 Wklv pljkw ghshqg rq wkh idfw wkdw wkh lqhtxdolw| lqgh{ phdvxuhv wkh
frqfhqwudwlrq ri odqgkroglqjv lqvwhdg ri zhdowk glvshuvlrq1
Wkhvh sorwv lqglfdwh wkh prgho vhhpv wr eh pruh uhohydqw lq h{sodlqlqj wkh h{whqw ri
lqgxvwuldol}dwlrq d frxqwu| dfklhyhv udwkhu wkdq wkh jurzwk udwh1 Wklv lv uhdvrqdeoh vlqfh
dq lqfuhdvh lq wkh shu fdslwd jurzwk udwh yhu| zhoo fdq eh wkh uhvxow ri iru h{dpsoh wkh
dxjphqw ri h{sruwv ri sulpdu| jrrgv/ zklfk fdq rffxu lqghshqghqwo| ri dq| whfkqrorjlfdo
wudqvlwlrq1
Wkh prgho lq wklv sdshu dovr kdv lpsolfdwlrqv iru wkh srolwlfdo ghyhorsphqw ri hfrqrplhv1
Pruh suhflvho| li wkh frxqwu| xqghujrhv d whfkqrorjlfdo wudqvlwlrq/ wkhq iudqfklvh lv h{0
shfwhg wr eh h{whqghg1 Krz grhv wklv frqfrug zlwk gdwdB Lq rughu wr frqwuro iru wkh
h￿hfwv ri h{whqvlrqv ri vx￿udjh lw zrxog eh qhfhvvdu| wr kdyh gdwd rq wkh h{whqw ri srolwl0
fdo sduwlflsdwlrq iru wkh zkroh qlqhwhhqwk fhqwxu|1 Exw wklv nlqg ri gdwd rqo| h{lvwv iurp
+durxqg, |hdu 4<33 dqg rqzdug iru prvw frxqwulhv1 Krzhyhu/ dq lqgh{ ryhu wkh ￿ohyho
ri ghprfudf|￿ lq Mdjjhuv dqg Jxuu +4<<8, phdvxulqj wkh ohyho ri lqvwlwxwlrqdo ghprf0
udf| dqg dxwrfudf| fdq eh xvhg lq wkh dqdo|vlv lqvwhdg153 Iljxuh < vkrzv wkh srolwlfdo
ghyhorsphqw dffruglqj wr wklv lqgh{ iru wkh irxu jurxsv lq wkh vlpxodwlrqv1 Jurxsv 4
dqg 6 h{whqg iudqfklvh dv wkh| ehfrph lqgxvwuldol}hg/ zkloh Jurxs 5 dqg 7 eduho| h{sh0
ulhqfhv dq| srolwlfdo ghyhorsphqw vlqfh wkh| gr qrw h{shulhqfh d whfkqrorjlfdo wudqvlwlrq1
Wkh dvvxphg srvlwlyh uhodwlrq ehwzhhq lqgxvwuldol}dwlrq dqg h{whqvlrq ri iudqfklvh khqfh
dsshduv wr eh vxssruwhg e| gdwd1
Uhjuhvvlrqv rq furvv0vhfwlrq gdwd kdyh ehhq shuiruphg zlwk erwk dq lqgxvwuldol}dwlrq
lqgh{ dqg wkh dqqxdo dyhudjh jurzwk udwh dv ghshqghqw yduldeohv1 Wkh wlph shulrgv frq0
vlghuhg duh 4;5304<46 dqg 4;:304<461 Wkh odwwhu lv ri lqwhuhvw vlqfh gdwd txdolw| lpsuryhv
frqvlghudeo| dw wkdw wlph/ hvshfldoo| iru vfkrrolqj1 Qrw zlwkvwdqglqj wkh sureohpv zlwk






















Iljxuh <= Ghprfudwl}dwlrq phdvxuhg zlwk Mdjjhu dqg Jxuu*v lqgh{
eldvhg hvwlpdwruv 0gxh wr wkh vpdoo vdpsoh/ phdvxuhphqw sureohpv/ hwf10 krshixoo| wkhvh
uhjuhvvlrq vwloo fdq vkhg oljkw rq wkh uhodwlyh lpsruwdqfh ri wkh lqghshqghqw yduldeohv lq
h{sodlqlqj wkh lqgxvwuldol}dwlrq sdwwhuq1 Wdeoh : suhvhqwv wkh uhjuhvvlrq uhvxowv> w0ydoxhv
duh jlyhq lq eudfnhwv1
Wkh lqghshqghqw yduldeohv xvhg duh wkh iroorzlqj= frpshwhqfh dv gh￿qhg lq Dsshqgl{
E15> vfkrro4 dqg vfkrro5/ zkhuh wkh iruphu lv wkh Dghopdq dqg Wdiw Pruulv lqgh{ iru wkh
vsuhdg ri sulpdu| hgxfdwlrq 4;63083 dqg wkh odwwhu wkh hquroophqw lq sulpdu| vfkrrolqj
glylghg e| srsxodwlrq vl}h phdvxuhg durxqg 4;:3 ￿ erwk suhvhqwhg lq Dsshqgl{ E17>
lqhtxdolw| dv gh￿qhg lq Dsshqgl{ E16> JGSjds lv wkh jds lq whupv ri djjuhjdwh lqfrph
ehwzhhq wkh frxqwu| lq txhvwlrq dqg wkh rqh zlwk kljkhvw lqfrph uhvshfwlyho| lq 4;53 dqg
4;:3> ghprfudf| lv d gxpp| yduldeoh zkhuh wkh frxqwulhv kdylqj xqlyhuvdo pdoh vx￿udjh
lq 4;:3 duh fodvvl￿hg dv 4/ dqg wkh uhvw dv 31
Uhjuhvvlrqv +4,0+7, duh wkrvh wr irfxv lqwhuhvw rq/ vlqfh wkh| duh uxq rq gdwd iru
wkh zkroh wlph shulrg 4;5304<461 Lq wkhvh uhjuhvvlrqv frpshwhqfh lv dozd|v vljql￿fdqwo|
srvlwlyho| fruuhodwhg zlwk erwk JGSjurzwk dqg wkh lqgxvwuldol}dwlrq lqgh{1 Wkh vfkrrolqj
lqgh{ kdv qr h{sodqdwru| srzhu lq wkhvh froxpqv/ zklfk suredeo| lv wr eh dwwulexwhg wr
wkh lqdghtxdf| ri wkh lqgh{ xvhg1 Wkh vdph uhjuhvvlrq kdyh eh uxq iru wkh shulrg 4;:30
4<46 lq rughu wr frqwuro li d pruh suhflvh hvwlpdwh ri vfkrro hquroophqw lv vljql￿fdqwo|
63Jurzwk+4;53, Lqgxvwuldol}1+4;53, Jurzwk+4;:3, Lqgxvwuldol}1+4;:3,
+4, +5, +6, +7, +8, +9, +:, +;,
Frqvw1 03159 03156 05314: 055185 3166 315; 03155 053157
+0319;, +0318:, +041:;, +041;;, +31::, +3198, +05164, +05154,
Frpshwhqfh 3154 3156 4:16: 481;9 3139 314< 47197 431;9
+5189, +5139, +91<4, +71:9, +318;, +414;, +9177, +6149,
Vfkrro4 3137 3137: 31:3 3193
+317<, +317<, +3158, +3154,
Vfkrro5 3136; 3137 4145 4139
+4183, +418;, +5135, +41<9,
Lqhtxdolw| 313< 313< 0413; 0413: 3138 3139 03163 03188





Ghprfudf| 3148 313; 03157 41:;
+3176, +3155, +03136, +3157,
-
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3177 3174 31;7 31;6 3155 3155 31;9 31;:
Wdeoh := Uhjuhvvlrq uhvxowv
fruuhodwhg zlwk wkh jurzwk udwh dqg wkh lqgxvwuldol}dwlrq lqgh{1 Froxpqv +8,0+;, frqwdlq
wkhvh uhjuhvvlrqv/ dqg fohduo| vkrz wkdw vfkrro5 lv vljql￿fdqwo| srvlwlyho| fruuhodwhg zlwk
erwk wkh ghshqghqw yduldeohv/ dv suhglfwhg e| wkh prgho1
Zh dovr qrwlfh wkdw frpshwhqfh lq uhjuhvvlrq +8, dqg +9, lv qrw vljql￿fdqwo| fruuhodwhg
zlwk jurzwk1 Wkh uhdvrq zk| wkhvh wzr uhjuhvvlrq shuirup edgo| lq jhqhudo ￿ -
2 ￿ 2D
lq erwk ￿ lv suredeo| wkdw vhyhudo frxqwulhv lq wkh vdpsoh h{shulhqfhg d odujh lqfuhdvh lq
djjuhjdwh lqfrph gxh wr rwkhu idfwruv wkdq lqgxvwuldol}dwlrq1 Iru h{dpsoh/ wkh lqfuhdvh
lq h{sruwv ri sulpdu| jrrgv h{sodlqv odujh sduw ri Dujhqwlqd*v hohydwhg jurzwk udwh dw
64wkh hqg ri wkh 4<wk fhqwxu|1 Iljxuh 43 vkrzv wkh fruuhodwlrq ehwzhhq frpshwhqfh dqg
wkh ohyho ri lqgxvwuldol}dwlrq zkhq vfkrro hquroophqw dqg lqhtxdolw| duh khog frqvwdqw/
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Iljxuh 43= Sduwldo fruuhodwlrq ri frpshwhqfh dqg lqgxvwuldol}dwlrq
9 Frqfoxglqj Revhuydwlrqv
Wkh prgho lq wklv sdshu kdv wkh glvwlqjxlvklqj ihdwxuh ri vwxg|lqj wkh lpsruwdqfh ri
vrfldo jurxsv lq d zlgh uhvshfw1 Lw kdv ehhq vkrzq wkdw wkh glvwulexwlrq ri vnloov lq wkh
srsxodwlrq ghwhuplqhv wkh rxwfrph ri dq lqgxvwuldol}dwlrq/ wrjhwkhu zlwk wkh srolwlfdo
srzhu ri gl￿huhqw jurxsv dqg wkh lqlwldo zhdowk glvwulexwlrq1 Rxw ri 56 frxqwulhv wkh
hfrqrplf ghyhorsphqw lq 53 ri wkhp lv eurdgo| lq olqh zlwk wkh uhvxowv ri wkh vlpxodwlrqv1
Wkh prgho wkxv vhhpv dw ohdvw zhdno| frqvlvwhqw zlwk gdwd1
Jurxsv lq vrflhw| duh krzhyhu fkdudfwhul}hg e| rwkhu dvshfwv wkdq wkhlu vnloo ohyhov
dqg lqlwldo zhdowk/ iru h{dpsoh e| jhqghu1 Sduwlfxoduo| li h{whqglqj wklv prgho wr Srvw0
zdu whfkqrorjlfdo wudqvlwlrqv lw zrxog eh ri lqwhuhvw wr lqfoxgh wkh jhqghu dvshfw/ jlyhq
zrphq*v lqfuhdvlqjo| dfwlyh uroh lq wkh srolwlfdo dqg hfrqrplf vskhuhv ri vrflhw|1 ￿Glg
wkh frxqwulhv zlwk d odujhu ihpdoh oderu sduwlflsdwlrq h{shulhqfh d idvwhu whfkqrorjlfdo
65wudqvlwlrqB￿ zrxog eh rqh ri wkh srvvleoh txhvwlrqv iru ixwxuh uhvhdufk lq wklv gluhfwlrq1
Lw zrxog eh lqwhuhvwlqj wr dgdsw wklv prgho wr ￿w wkh Srvwzdu shulrg dovr lq rughu wr
doorz iru wzr rwkhu h{whqvlrqv1 Wkh ￿uvw h{whqvlrq zrxog eh wr lqwurgxfh wkh srvvlelolw| wr
xvh wd{ uhyhqxhv iru sxuh uhglvwulexwlrq/ jlyhq wkdw wkh uroh ri wkh vwdwh lv odujhu wkdq hyhu
ehiruh1 Wd{ uhyhqxhv frxog wkhq hlwkhu eh xvhg wr surgxfh sxeolf vhuylfhv wkdw ehqh￿wv wkh
jurzwk0surprwlqj vhfwru ru jr gluhfwo| wr wudqvihuv/ dv lq Dohvlqd dqg Urguln +4<<7,1 Lq
vxfk d vhwwlqj lqfrph gl￿huhqfhv zrxog fuhdwh d qhz uhglvwulexwlyh frq lfw dprqj vrfldo
jurxsv1 Wkh rwkhu h{whqvlrq zrxog eh wr ohw wkh sdvvdjh iurp dq dxwkrulwduldq uhjlph
wr d ghprfudwlf eh d ixqfwlrq ri vrfldo xquhvw/ pxfk olnh lq wkh sdshu e| Dfhprjox dqg
Urelqvrq +4<<;,1 Wkh| fdswxuh wkh ghprfudwl}dwlrq surfhvv e| lqwurgxflqj vrfldo xquhvw
wkdw dfwv olnh d frqvwudlqw rq dq dxwkrulwduldq holwh wr hlwkhu lqfuhdvh uhglvwulexwlrq ru
ghprfudwl}h/ pdnlqj wkh ghprfudwl}dwlrq yhu| vkruw1 Wklv h{whqvlrq frxog fdswxuh wkh
kljk vshhg zlwk zklfk dxwkrulwduldq jryhuqphqwv kdyh wxuqhg ghprfudwlf lq wkh Srvw0zdu
shulrg1 Frpelqlqj wkh wzr h{whqvlrqv wkh lqwxlwlyh uhvxow zrxog eh wkdw uhglvwulexwlyh
frq lfwv lqfuhdvh wkh olnholkrrg iru d fkdqjh ri srolwlfdo uhjlph iurp dq dxwkrulwduldq wr
d ghprfudwlf rqh1 Pruhryhu/ ghprfudwlf uhjlphv ulvn wr jhw wrr olwwoh uhvrxufhv dvvljqhg
wr wkh jurzwk0surprwlqj vhfwru/ ehfdxvh pxfk ri wkh wd{ uhyhqxhv zrxog jr wr wudqvihuv1
Wkhvh duh rqo| vrph ri wkh srvvleoh h{whqvlrqv1 Wkh uroh ri wkh vnloo glvwulexwlrq lq
whfkqrorjlfdo wudqvlwlrqv lv olnho| wr eh pxfk glvfxvvhg lq wkh ixwxuh zkhq vwxg|lqj wkh
sdvvdjh iurp lqgxvwuldo wr srvw0lqgxvwuldo hfrqrplhv vlqfh lw/ dv kdv ehhq vkrzq lq wklv
sdshu/ lv lpsruwdqw iru wkh ghyhorsphqw ri wkh hfrqrp|1
Uhihuhqfhv
^4‘ Dfhprjox/ G1 dqg M1 D1 Urelqvrq/ 4<<;/ ￿Zk| glg wkh Zhvw H{whqg wkh IudqfklvhB
Ghprfudf|/ Lqhtxdolw| dqg Jurzwk lq Klvwrulfdo Shuvshfwlyh￿/ FHSU Glvfxvvlrq Sd0
shu Qr1 4:<:1
^5‘ Dghopdq/ L1 dqg F1 Pruulv/ 4<9:/ Vrflhw|/ Srolwlfv dqg Hfrqrplf Ghyhorsphqw/ Mrkqv
Krsnlqv Suhvv/ Edowlpruh1
66^6‘ Dghopdq/ L1 dqg F1 Wdiw Pruulv/ 4<;;/ Frpsdudwlyh Sdwwhuqv ri hfrqrplf Ghyhors0
phqw 4;8304<47/ Mrkq Krsnlqv Xqlyhuvlw| Suhvv/ Edowlpruh1
^7‘ Dohvlqd/ D1 dqg G1 Urguln/ 4<<7/ ￿Glvwulexwlyh Srolwlfv dqg Hfrqrplf Jurzwk￿/
Txduwhuo| Mrxuqdo ri Hfrqrplfv 43<+5,/ ss1 7980<31
^8‘ Dohvlqd/ D1/ ￿}ohu/ V1/ Urxelql/ Q1 dqg S1 Vzdjho/ 4<<9/ ￿Srolwlfdo Lqvwdelolw| dqg
Hfrqrplf Jurzwk￿/ Mrxuqdo ri Hfrqrplf Jurzwk 4/ ss1 4;<0541
^9‘ Duurz/ N1 M1/ 4<95/ ￿ Wkh Hfrqrplf Lpsolfdwlrqv ri Ohduqlqj e| Grlqj￿/ Uhylhz ri
Hfrqrplf Vwxglhv 5</ ss1 48804:61
^:‘ Eduur/ U1 M1 dqg [1 Vdod0l0Pduwlq/ 4<<5/ ￿Sxeolf Ilqdqfh lq Prghov ri Hfrqrplf
Jurzwk￿/ Uhylhz ri Hfrqrplf Vwxglhv 8</ ss1 97809941
^;‘ Eduur/ U1 M1/ 4<<9/ ￿Ghprfudf| dqg Jurzwk￿/ Mrxuqdo ri Hfrqrplf Jurzwk 4=4
+Pdufk,/ ss1 405:1
^<‘ Eduur/ U1 M1/ 4<<:/ ￿Ghwhuplqdqwv ri Ghprfudf|￿/ Kduydug Lqvwlwxwh iru Lqwhuqdwlrqdo
Ghyhorsphqw/ Ghyhorsphqw Glvfxvvlrq Sdshu 8:31
^43‘ Euhqqhu/ \1 V1/ Ndheoh/ K1 dqg P1 Wkrpdv/ 4<<4/ Lqfrph Glvwulexwlrq lq Klvwrulfdo
Shuvshfwlyh/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1
^44‘ Fdphurq/ U1/ 4<;</ D Frqflvh Hfrqrplf Klvwru| ri wkh Zruog/ R{irug Xqlyhuvlw|
Suhvv/ R{irug1
^45‘ Ghlqlqjhu/ N1 dqg O1 Vtxluh/ 4<<9/ ￿D Qhz Gdwd Vhw Phdvxulqj Lqfrph Lqhtxdolw|￿/
Zruog Edqn Hfrqrplf Uhylhz 43=6/ ss1 8980<41
^46‘ Iorud/ S1 dqg M1 Doehu/ 4<;:/ ￿Prghuql}dwlrq/ Ghprfudwl}dwlrq dqg wkh Ghyhorsphqw
ri Zhoiduh Vwdwhv lq Zhvwhuq Hxursh￿ lq Iorud/ S1 dqg D1 M1 Khlghqkhlphu/ 4<;:/ Wkh
Ghyhorsphqw ri Zhoiduh Vwdwhv lq Hxursh dqg Dphulfd/ Wudqvdfwlrq Errnv/ Orqgrq1
^47‘ Iorud/ S1/ Nudxv/ I1 dqg Z1 Sihqqlqj/ 4<;:/ Vwdwh/ Hfrqrp| dqg Vrflhw|= D Gdwd
Kdqgerrn/ yro L dqg LL/ Fdpsxv/ Iudqnixuw1
67^48‘ Iorud/ S1 dqg D1 M1 Khlghqkhlphu/ 4<;:/ Wkh Ghyhorsphqw ri Zhoiduh Vwdwhv lq Hxursh
dqg Dphulfd/ Wudqvdfwlrq Errnv/ Orqgrq1
^49‘ Lqvwlwxw Lqwhuqdwlrqdo gh Vwdwlvwltxh/ 4;<5/ Od Vwdwlvwltxh gh O*hqvhljqhphqw Sul0
pdluh/ Sdulv1
^4:‘ Mdjjhuv/ N1 dqg W1 U1 Jxuu/ 4<<8/ ￿Wudfnlqj Ghprfudf|*v Wklug Zdyh zlwk wkh Srolw|
LLL Gdwd￿/ Mrxuqdo ri Shdfh Uhvhdufk 65=7/ ss1 79<07;51
^4;‘ Nhqzrrg/ D1 J1 dqg D1O1 Orxjkhg/ 4<<5/ Wkh Jurzwk ri wkh Lqwhuqdwlrqdo Hfrqrp|
4;5304<<3/ Urxwohgjh/ Orqgrq1
^4<‘ Nuxvhoo/ S1 dqg M1Y1 U￿rv0Uxoo/ 4<<:/ ￿Rq wkh Vl}h ri X1V1 Jryhuqphqw= Srolwlfdo
Hfrqrp| lq wkh Qhrfodvvlfdo Jurzwk Prgho￿/ plphr1
^53‘ Nudxv/ I1/ 4<;:/ ￿Wkh Klvwrulfdo Ghyhorsphqw ri Lqfrph Lqhtxdolw| lq Zhvwhuq Hx0
ursh dqg wkh Xqlwhg Vwdwhv￿/ lq Iorud/ S1 dqg D1 M1 Khlghqkhlphu/ Wkh Ghyhorsphqw
ri Zhoiduh Vwdwhv lq Hxursh dqg Dphulfd/ Wudqvdfwlrq Errnv/ Orqgrq1
^54‘ Odqh/ M0H> Pf Nd| G1 dqg N1 Qhzwrq/ 4<<:/ Srolwlfdo Gdwd Kdqgerrn= RHFG Frxq0
wulhv/ R{irug Xqlyhuvlw| Suhvv/ R{irug1
^55‘ Ohzlv/ Z1 D1/ 4<:;/ Jurzwk dqg Ioxfwxdwlrqv 4;:304<46/ Doohq ) Xqzlq/ Orqgrq1
^56‘ Olqghuw/ S1 dqg M1 I1 Zlooldpvrq/ 4<;8/ ￿Jurzwk/ Htxdolw|/ dqg Klvwru|￿/ H{sor0
udwlrqv lq Hfrqrplf Klvwru| 55/ ss1 67406::1
^57‘ Olqghuw/ S1/ 4<;9/ ￿Xqhtxdo Hqjolvk Zhdowk vlqfh 49:3￿/ Mrxuqdo ri Srolwlfdo Hfrqrp|
<7=91
^58‘ Olsvhw/ V1 P1/ 4<;6/ Srolwlfdo Pdq> wkh Vrfldo Edvlv ri Srolwlfv/ Khlqhpdqq Hgxfd0
wlrqdo Errnv Owg/ Orqgrq1
^59‘ Pdgglvrq/ D1/ 4<<4/ G|qdplf Irufhv lq Fdslwdolvw Ghyhorsphqw/ R{irug Xqlyhuvlw|
Suhvv/ R{irug1
^5:‘ Pdgglvrq/ D1/ 4<<8/ Prqlwrulqj wkh Zruog Hfrqrp| 4;5304<<5/ RHFG/ Sdulv1
68^5;‘ Plwfkhoo/ E1U1/ 4<;4/ Hxurshdq Klvwrulfdo Vwdwlvwlfv 4:8304<:8/ Pdfploodq Suhvv/ Qhz
\run1
^5<‘ Plwfkhoo/ E1U1/ 4<;6/ Lqwhuqdwlrqdo Klvwrulfdo Vwdwlvwlfv= Wkh Dphulfdv dqg Dxvwudod0
vld/ Pdfploodq Suhvv/ Krqj Nrqj1
^63‘ Plwfkhoo/ E1U1/ 4<<8/ Lqwhuqdwlrqdo Klvwrulfdo Vwdwlvwlfv= Diulfd/ Dvld dqg Rfhdqld
4:8304<;;/ Pdfploodq Suhvv/ Qhz \run1
^64‘ Prruh/ P1/ 4<<8/ ￿Ghprfudf| dqg Ghyhorsphqw lq Furvv0Qdwlrqdo Shuvshfwlyh= D
Qhz Orrn dw wkh Vwdwlvwlfv￿/ Ghprfudwl}dwlrq 5=5/ ss1 404<1
^65‘ Qrkohq/ G1/ 4<:;/ Zdkov|vwhph ghu Zhow/ Slshu ) Fr Yhuodj/ P qfkhq1
^66‘ Shurwwl/ U1/ 4<<6/ ￿Srolwlfdo Htxloleulxp/ Lqfrph Glvwulexwlrq/ dqg Jurzwk￿/ Uhylhz
ri Hfrqrplf Vwxglhv 93/ ss1 :880::91
^67‘ Shurwwl/ U1/ 4<<9/ ￿Jurzwk/ Lqfrph Glvwulexwlrq/ dqg Ghprfudf|= Zkdw wkh Gdwd
Vd|￿/ Mrxuqdo ri Hfrqrplf Jurzwk 4=5/ ss1 47<04;:1
^68‘ Shuvvrq/ W1/ dqg J1 Wdehoolql/ 4<<7/ ￿Lv Lqhtxdolw| Kdupixo iru Jurzwk￿/ Dphulfdq
Hfrqrplf Uhylhz ;7=6/ ss1 93309541
^69‘ Shuvvrq/ W1/ dqg J1 Wdehoolql/ 4<<:/ ￿Srolwlfdo hfrqrplfv dqg pdfurhfrqrplf srolf|￿/
iruwkfrplqj lq Wd|oru/ M1 dqg P1 Zrroirug+hg,/ Kdqgerrn ri Pdfurhfrqrplfv/ Qruwk0
Kroodqg1
^6:‘ Sroodug/ V1/ 4<<7/ ￿Lqgxvwuldol}dwlrq dqg wkh Hxurshdq Hfrqrp|￿ lq Fkxufk/ U1 D1
dqg H1 D1 Zuljoh|+hg,/ Wkh Lqgxvwuldo Uhyroxwlrq lq Hxursh/ Eodfnzhoo/ Fdpeulgjh1
^6;‘ Su}hzruvnl/ D1 dqg I1 Olprqjl/ 4<<6/ ￿Srolwlfdo Uhjlphv dqg Hfrqrplf Jurzwk￿/
Mrxuqdo ri Hfrqrplf Shuvshfwlyhv :=6 +Vxpphu,/ ss1 8409<1
^6<‘ Uh|qrogv/ O1 J1/ 4<;8/ Hfrqrplf Jurzwk lq wkh Wklug Zruog 4;8304<47/ \doh Xql0
yhuvlw| Suhvv/ Qhz Kdyhq1
69^73‘ Urphu/ S1 P1/ 4<;9/ ￿Lqfuhdvlqj Uhwxuqv dqg Orqj0Uxq Jurzwk￿/ Mrxuqdo ri Srolwlfdo
hfrqrp| <7/ ss1 43350436:1
^74‘ Urvhqehuj/ Q1 dqg O1 H1 Elug}hoo/ 4<;9/ Krz wkh Zhvw Juhz Ulfk= Wkh Hfrqrplf
Wudqvirupdwlrq ri wkh Lqgxvwuldo Zruog/ Edvlf Errnv/ Qhz \run1
^75‘ Uxhvfkph|hu/ G1> Kxehu Vwhskhqv/ H1 dqg M1 Vwhskhqv/ 4<<5/ Fdslwdolvw Ghyhorsphqw
dqg Ghprfudf|/ Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr1
^76‘ Vdlqw0Sdxo/ J1 dqg W1 Yhuglhu/ 4<<6/ ￿Hgxfdwlrq/ Ghprfudf| dqg Jurzwk￿/ Mrxuqdo
ri Ghyhorsphqw Hfrqrplfv 75/ ss1 6<<073:1
^77‘ Zlooldpvrq/ M1 J1/ 4<;8/ Glg Eulwlvk Fdslwdolvp Euhhg Lqhtxdolw|B/ Doohq dqg Xqzlq/
Orqgrq1
^78‘ Zlooldpvrq/ M1 J1/ 4<<:/ Lqgxvwuldol}dwlrq/ Lqhtxdolw| dqg Hfrqrplf Jurzwk/ Hgzdug
Hojdu/ Fkhowhqkdp 1
6:D Vlpxodwlrq uhvxowv
Ghwdlohg uhvxowv iurp wkh vlpxodwlrqv duh uhsruwhg ehorz lq vhsdudwh wdeohv iru hdfk ri
wkh fdvhv h{dplqhg1 Wkh yduldeoh ydoxhv suhvhqwhg duh= wkh ohyho ri djjuhjdwh lqfrph
+￿,/ wkh vkduh ri djjuhjdwh surgxfwlrq lq wkh M0vhfwru +
t M
t ,/ li wkh uhjlph lv ghprfudwlf
+_e6JSo@S+, dqg wkh lpsohphqwhg wd{ udwh +￿W,1 Doo wkh ydoxhv uhihu wr wkrvh dvvxphg lq
shulrg 71






￿ dw zhdowk glvwu 44<6 4 |hv 3174
￿xqhtxdo zhdowk glvwu 433 3 qr 3
Zhdowk| orz0vnloohg djhqwv=
￿ dw zhdowk glvwu 433 3 qr 3
￿xqhtxdo zhdowk glvwu 433 3 qr 3









￿ dw zhdowk glvwu 45:; 4 |hv 3174
￿xqhtxdo zhdowk glvwu 4649 4 |hv 3174
Zhdowk| orz0vnloohg djhqwv=
￿ dw zhdowk glvwu 46;; 4 |hv 3174
￿xqhtxdo zhdowk glvwu 45<8 31<< |hv 3174
Wdeoh <= Ghprfudflhv lq wkh ehqfkpdun fdvh








￿ dw zhdowk glvwu 94:5 4 |hv 3174
￿xqhtxdo zhdowk glvwu 9;7 31<; qr 316<
Zhdowk| orz0vnloohg djhqwv=
￿ dw zhdowk glvwu 7:<; 4 |hv 3174
￿xqhtxdo zhdowk glvwu 433 3 qr 3







￿ dw zhdowk glvwu 958< 4 |hv 3174
￿xqhtxdo zhdowk glvwu 8:99 4 |hv 3174
Zhdowk| orz0vnloohg djhqwv=
￿ dw zhdowk glvwu 9646 4 |hv 3174
￿xqhtxdo zhdowk glvwu 88;3 4 |hv 3174
Wdeoh 44= Ghprfudflhv lq wkh kljk frpshwhqfh fdvh






￿ dw zhdowk glvwu ;<84 4 |hv 3174
￿xqhtxdo zhdowk glvwu <3< 4 qr 3174
Zhdowk| orz0vnloohg djhqwv=
￿ dw zhdowk glvwu ;5<: 4 |hv 3174
￿xqhtxdo zhdowk glvwu 433 3 qr 3







￿ dw zhdowk glvwu <569 4 |hv 3174
￿xqhtxdo zhdowk glvwu ;576 4 |hv 3174
Zhdowk| orz0vnloohg djhqwv=
￿ dw zhdowk glvwu ;3<4 4 |hv 3174
￿xqhtxdo zhdowk glvwu <54< 4 |hv 3174
Wdeoh 46= Ghprfudflhv lq wkh kljk dyhudjh vfkrrolqj fdvh
73E Klvwrulfdo Fodvvl￿fdwlrq ri Frxqwulhv
E14 Wkh Srolwlfdo Uhjlph
Dowkrxjk xqlyhuvdo iudqfklvh lv wkh phdvxuh wkdw vkrxog eh xvhg lq jhqhudo/ wkh klvwru0
lfdo frqwh{w pdnhv pdoh vx￿udjh d pruh dssursuldwh lqglfdwru1 Rqh w|sh ri uhvwulfwlrq
lv krzhyhu dgplwwhg zkhq gh￿qlqj d frxqwu| dv ghprfudwlf lq wkh prgho/ qdpho| djh
uhtxluhphqwv1 Lw zdv fxvwrpdu| gxulqj wkh 4<wk fhqwxu| wr uhtxluh dq djh ri dw ohdvw 58
|hduv/ exw wkdw lv qrw frqvlghuhg wr eh d olplwdwlrq ri iudqfklvh1 Wdeoh 47 suhvhqwv wkh
gdwhv dw zklfk xqlyhuvdo pdoh vx￿udjh zdv dfklhyhg/ jlyhq wkdw lw rffxuuhg ehiruh 4<471

















Wdeoh 47= H{whqvlrq ri vx￿udjh
Wkh lqgh{ ryhu wkh ￿ohyho ri ghprfudf|￿ lq Mdjjhuv dqg Jxuu +4<<8, kdv ehhq xvhg wr
dvvxuh wkdw wkh frxqwulhv wkdw zhuh frorqlhv lq 4;53 kdg dq rzq srolwlfdo ghyhorsphqw/ zhoo0
glvwlqfw iurp wkhlu prwkhuodqg1 Frxqwulhv iru zklfk gdwd lv plvvlqj iru wkh zkroh shulrg
duh= Fdqdgd/ Ehojlxp/ Vzlw}huodqg/ Exupd/ Lqgld/ Dxvwudold/ Qhz ]hdodqg1 Frxqwulhv iru
zklfk gdwd lv plvvlqj ehiruh 4;57 duh Eud}lo dqg Dujhqwlqd1 Wkh lqgh{ kdv ehhq fdofxodwhg
dv vxjjhvwhg lq Mdjjhuv dqg Jxuu +4<<8,/ l1h1 vxewudfwlqj wkh lqgh{ ri ghprfudf| vfruh
iurp wkh lqgh{ ri dxwrfudf| vfruhv lq wkh Srolw| LLL gdwd vhw1 Wkh uhvxowlqj lqgh{ wkhq
udqjhv iurp 043 wr 43/ zkhuh 43 lv sxuho| ghprfudwlf uhjlphv1
74E15 Wkh Vnloo Glvwulexwlrq
Wkhuh duh vl{ fdwhjrulhv lq wkh fodvvl￿fdwlrq vfkhph/ uhsruwhg dv Wdeoh D74 lq Dghopdq dqg
Wdiw Pruulv +4<;;,1 Wkh| duh suhvhqwhg ehorz lq wkh zrugv ri wkh dxwkruv> lq sduhqwkhvlv
wkh hfrqrplhv ehorqjlqj wr hdfk fdwhjru| lq 4;83 lv uhsruwhg154
41 Frxqwulhv zkhuh vrfldo uhfrjqlwlrq ri fdslwdo hqwuhsuhqhxuldo vxffhvv e| wkh hvwde0
olvkhg vrfldo holwh zdv lqglfdwhg e| d frpelqdwlrq ri wkh iroorzlqj= r!fldo uhfrjql0
wlrq ri fdslwdolvw dfklhyhphqwv e| wkh furzq> lqwhupduuldjh ehwzhhq wkh hvwdeolvkhg/
xvxdoo| odqghg/ holwh dqg wkh fkloguhq ri lqgxvwuldo hqwuhsuhqhxuv ri qrq0holwh edfn0
jurxqg> dqg wkh uhwhqwlrq ri lqgxvwuldo hqwuhsuhqhxuv lq lqgxvwu| udwkhu wkdq wkhlu
hduo| uhwluhphqw wr odqgrzqhuvkls1 +Ehojlxp/ Vzlw}huodqg,
51 Frxqwulhv zkhuh wkhuh zhuh wzr gl￿huhqw fxowxuhv/ rqh ri zklfk phw wkh fulwhuld
iru Fdwhjru| 4 dqg wkh rwkhu zklfk phw wkh fulwhuld ri Fdwhjru| +6,1 +Dxvwudold/
Fdqdgd/ Xqlwhg Vwdwhv,
61 Frxqwulhv zkhuh vrfldo uhfrjqlwlrq ri fdslwdolvw hqwuhsuhqhxuv/ e| wkrvh zkr lqkhu0
lwhg vrfldo srvlwlrq dqg zhdowk/ zhqw odujho| wr wkh vrqv ri wkrvh zlwk lqkhulwhg
srvlwlrq dqg zhdowk dqg wr d vpdoohu qxpehu ri qrq0holwh fdslwdolvw hqwuhsuhqhxuv/
zkr ehfdph h{wuhpho| zhdowk| frpsduhg zlwk wkrvh zkr zhuh douhdg| sduw ri wkh
holwh1 Dovr lqfoxghg lq wklv fdwhjru| duh frxqwulhv zkhuh wkh vrfldo holwh uhfrjql}hg
vrfldoo| wkrvh zlwk zhdowk dffxpxodwhg lq phufdqwloh dfwlylwlhv exw kdg pxfk ohvv uh0
vshfw iru wkrvh zkr dffxpxodwhg zhdowk lq lqgxvwuldo dfwlylwlhv1 +Ghqpdun/ IudqfhB/
Juhdw EulwdlqB/ Qhwkhuodqgv/ Qhz ]hdodqg/ Qruzd|/ VzhghqB,
54Wkh txhvwlrq pdun diwhu fhuwdlq frxqwulhv lv uhsruwhg dv lq wkh ruljlqdo wh{w1 Wkh h{sodqdwlrq wkh|
jlyh lv wkh iroorzlqj1 ￿D txhvwlrq pdun iroorzlqj d frxqwu| dvvljqphqw lqglfdwhv wkdw wkh lqirupdwlrq lq
wkh vrxufhv flwhg lv lqvx!flhqw wr fodvvli| wkh frxqwu| zlwk juhdw frq￿ghqfh1 Wkhvh dvvljqphqwv vkrxog
eh wuhdwhg dv ￿jxhvvhvwlpdwhv￿1 Wkh devhqfh ri d txhvwlrq pdun phdqv wkdw zh duh txlwh frq￿ghqw derxw
udqnlqj d frxqwu| revhuydwlrq ehorz revhuydwlrqv kdylqj kljkhu ohwwhu vfruhv dqg deryh wkrvh kdylqj
orzhu ohwwhu vfruhv1 Rffdvlrqdoo|/ qr vrxufhv duh flwhg iru d fdvh  djjhg zlwk d txhvwlrq pdun1 Lq wkhvh
lqvwdqfhv zh kdyh xvhg d zlgh udqjh ri xqflwhg lqirupdwlrq wr duulyh dw d jxhvvwlpdwh1￿ +Dghopdq dqg
Wdiw Pruulv +4<;9,/ ss1 57405751,
7571 Frxqwulhv zkhuh holwlvw dwwlwxghv wrzdug fdslwdolvw hqwuhsuhqhxuvkls lq rqh pdmru
uhjlrq phw wkh fulwhuld iru Fdwhjru| +6,/ zkloh holwlvw dwwlwxghv lq dqrwkhu pdmru
uhjlrq phw wkh fulwhuld iru Fdwhjru| +8,1 +Dujhqwlqd/ Jhupdq|/ Lwdo|,
81 Frxqwulhv zkhuh vrfldo uhfrjqlwlrq ri qhzo| vxffhvvixo hqwuhsuhqhxuv zdv judqwhg wr
rqo| d vpdoo qxpehu zkr zhuh h{wuhpho| vxffhvvixo lq sulpdu|0h{sruw surgxfwlrq
dqg lq wkh surfhvv ehfdph yhu| odujh odqgrzqhuv1 Hyhq khuh uhfrjqlwlrq zdv pruh
riwhq jlyhq e| wkh jryhuqphqw wkdq e| wkh hvwdeolvkhg odqghg holwh1 Lq wkhvh frxq0
wulhv odujh dffxpxodwlrqv ri phufdqwloh zhdowk zhuh qrw uhjdughg e| wkh hvwdeolvkhg
vrfldo holwh dv d edvlv iru vrfldo dffhswdqfh1 +Eud}lo/ Uxvvld,
91 Frxqwulhv zhuh vrfldo uhfrjqlwlrq ri fdslwdolvw hqwuhsuhqhxuvkls e| wkh hvwdeolvkhg
vrfldo holwh zdv qrw frpprq1 +ExupdB/ Fklqd/ Hj|sw/ Lqgld/ Mdsdq/ Vsdlq,
Frxqwulhv ehorqjlqj wr wkh wkuhh ￿uvw fdwhjrulhv duh frqvlghuhg wr kdyh kljk0vnloohg
zhdowk| djhqwv lq 4;531
E16 Lqlwldo Lqhtxdolw|
Wkh vwduwlqj srlqw iru ￿qglqj d fodvvl￿fdwlrq ri lqlwldo zhdowk lqhtxdolw| lv wkh lqgh{
ri frqfhqwudwlrq ri odqgkroglqjv lq Dghopdq dqg Wdiw Pruulv +4<;;,1 Wkhuh duh vhyhq
fdwhjrulhv lq wklv lqgh{ dv uhsruwhg lq wkhlu wdeoh D6; +lq sduhqwkhvlv wkh hfrqrplhv
ehorqjlqj wr hdfk fdwhjru| lq 4;83 duh uhsruwhg,=
41 Frxqwulhv zlwk dq h{wuhph frqfhqwudwlrq ri odqgkroglqjv zlwk wkh wrs 43 shufhqw ri
odqgkroghuv kroglqj dw ohdvw :8 shufhqw ri wkh fxowlydwhg odqg1 H{foxghg duh frxqwulhv
zkhuh wkh ryhuzkhoplqj sursruwlrq ri odqgkroghuv zhuh shdvdqwv zlwk yhu| vpdoo
kroglqjv xvlqj qr |hdu0urxqg kluhg oderu1 +DujhqwlqdB/ DxvwudoldB/ Eud}loB,
51 Frxqwulhv zlwk dq h{wuhph frqfhqwudwlrq ri odqgkroglqjv/ exw qrw qhfhvvdulo| phhw0
lqj wkh fulwhulrq wkdw wkh wrs 43 shufhqw krog dw ohdvw :8 shufhqw ri wkh fxowlydwhg
odqg/ zkhuh/ mxgjlqj e| dydlodeoh qxpehuv/ shdvdqwv kdylqj yhu| vpdoo kroglqjv dqg
xvlqj qr |hdu0urxqg kluhg oderu zkhuh ryhuzkhoplqjo| suhgrplqdqw1 +Hj|sw/ Lwdo|/
Uxvvld1 Vsdlq,
7661 Frxqwulhv zkhuh wkh suhgrplqdqw vfdoh ri kroglqjv zdv odujh/ exw zkhuh wkh frq0
fhqwudwlrq ri odqgkroglqjv zdv frqvlghudeo| ohvv wkdq lq frxqwulhv ri Fdwhjrulhv +4,
dqg +5,1 ￿Odujh￿ phdqv wkdw kluhg oderu xqghuwrrn wkh juhdwhu sduw ri fxowlydwlrq1
Frxqwulhv zkhuh d vljql￿fdqw sduw ri wkh fxowlydwhg odqg zdv fkdudfwhul}hg e| vpdoo
kroglqjv xvlqj olwwoh ru qr shupdqhqw kluhg oderu dv fodvvl￿hg +60,1 +Jhupdq|+0,/
Juhdw Eulwdlq,
71 Frxqwulhv zkhuh wkh juhdwhu sduw ri wkh fxowlydwhg odqg zdv h{sorlwhg rq plggoh0vl}hg
kroglqjv xvlqj shupdqhqw kluhg oderu1 +FdqdgdB/ Ghqpdun/ Xqlwhg Vwdwhv,
81 Frxqwulhv zkhuh wkh juhdwhu sduw ri wkh fxowlydwhg odqg zdv h{sorlwhg rq vpdoo
kroglqjv xvlqj olwwoh shupdqhqw kluhg oderu1 h{foxghg duh frxqwulhv phhwlqj wklv ful0
whulrq zkhuh sdufhol}dwlrq dqg iudjphqwdwlrq ri kroglqjv zhuh zlghvsuhdg1 +Exupd/
Iudqfh/ LqgldB/ Mdsdq/ Qhwkhuodqgv/ Vzhghq/ Vzlw}huodqg,
91 Frxqwulhv zkhuh wkh juhdwhu sduw ri wkh fxowlydwhg odqg zdv h{sorlwhg rq yhu| vpdoo
kroglqjv/ zlwk sdufhol}dwlrq ri kroglqjv dqg iudjphqwdwlrq ri kroglqjv zlghvsuhdg1
+Ehojlxp/ Fklqd/ Qruzd|,
:1 Frxqwulhv zhuh lghqwl￿deoh lqglylgxdo kroglqjv zhuh xqfrpprq ehfdxvh ri wkh suhyd0
ohqfh ri frppxqdo djulfxowxuh1 +Qhz ]hdodqg,
Frxqwulhv ehorqjlqj wr wkh fdwhjrulhv +4,0+6, duh gh￿qhg dv kdylqj dq vnhzhg zhdowk
glvwulexwlrq/ zkloh wkh uhvw duh fodvvl￿hg dv kdylqj d  dw glvwulexwlrq1 Wkh txhvwlrq lv qrz
krz wklv vxeglylvlrq vwdqgv zkhq frqiurqwhg zlwk rwkhu gdwd rq lqhtxdolw|1 Lv lw fruuhfw
wr fodvvli| Jhupdq| dv kdylqj dq xqhtxdo glvwulexwlrq zkloh Ghqpdun*v  dwB Dffruglqj
wr Olqghuw +4<;9,/ ￿wkh zhdowk vkduhv ri wkh wrs 4 shufhqw/ 8 shufhqw/ dqg 43 shufhqw iru
Hqjodqg dqg Zdohv lq 4;43 ru 4;:8 h{fhhghg wkrvh iru Ghqpdun lq 4:;</ Vzhghq lq 4;33/
Ilqodqg lq 4;33/ Suxvvld lq 4<3;/ ru wkh Xqlwhg Vwdwhv dw dq| ri irxu suhzdu gdwhv +4:<;/
4;83/ 4;93/ dqg 4;:3,1￿ Xvlqj ￿zhdowk vkduhv￿ dv dq lqglfdwru ri wkh zhdowk glvwulexwlrq
vxssruwv wkh fodvvl￿fdwlrq pdgh1
Lq jhqhudo/ surshu gdwd rq wkh vkdsh ri wkh zhdowk +dqg lqfrph, glvwulexwlrq iru pruh
wkdq d ihz frxqwulhv lv dydlodeoh ￿uvw diwhu Zruog Zdu L1 Vhh iru h{dpsoh Nudxv +4<;:,
77dqg Iorud hw do +4<;:,1 Vlqfh wkh vkdsh ri wkh zhdowk glvwulexwlrq lq wklv prgho lv gluhfwo|
ghulyhg iurp wkh lqfrph glvwulexwlrq/ L zloo frqvlghu dovr gdwd rq lqfrph glvwulexwlrqv lq
wkh dwwhpsw ri ghwhuplqlqj wkh vkdsh ri zhdowk glvwulexwlrqv lq 4;531
Qrz/ wkhuh lv d jds ri wzhqw|0wkluw| |hduv wkdw kdv wr eh eulgjhg lq rughu iru wkh
Dghopdq dqg Wdiw Pruulv lqgh{ wr eh xvdeoh1 Wkh ulvn zkhq xvlqj wklv fodvvl￿fdwlrq
iru 4;53 ydulhv zlwk uhvshfw wr d frxqwu|*v surgxfwlrq vwuxfwxuh1 Lq djuduldq hfrqrplhv
wkh frqfhqwudwlrq ri odqgkroglqjv grhv qrw fkdqjh frqvlghudeo| ryhu wlph/ wkhuhiruh wkh
￿jxuhv iru wkhvh frxqwulhv lq 4;83 rxjkw wr eh jrrg lqglfdwruv ri wkhlu vlwxdwlrq lq 4;531
Rqh srvvleoh h{fhswlrq wr wklv uhdvrqlqj zrxog eh Dxvwudold1 Wkhuh lv hylghqfh wkdw wkh
vlwxdwlrq fkdqjhg frqvlghudeo| gxulqj wkh ￿uvw kdoi ri wkh qlqhwhhqwk fhqwxu|1 Dv dvvhuwhg
lq Wkrpdv +4<<4, ￿zh fdq wuhdw Dxvwudold lq 4:;; dv d wdexod udvd dv idu dv lqhtxdolw| lv
frqfhuqhg￿/ exw wklv fkdqjhg udslgo| dqg lq 4;73 wkh frqfhqwudwlrq ri odqgkroglqjv zdv
kljk1 Wkhuhiruh/ wkh ￿jxuh iru 4;83 pd| qrw eh uhohydqw zkhq fodvvli|lqj Dxvwudold lq
4;531
Wkh frxqwulhv wkdw xqghuzhqw vrph lqgxvwuldol}dwlrq gxulqj wkh |hduv 4;5304;83 pxvw
eh frqvlghuhg dv d vhsdudwh fdvh1 Wkh gl!fxow| olhv lq wkrvh hfrqrplhv wkdw vwduwhg lq0
gxvwuldol}lqj gxulqj wkh ￿uvw kdoi ri wkh fhqwxu|/ qdpho| Juhdw Eulwdlq/ wkh Xqlwhg Vwdwhv/
Ehojlxp/ Iudqfh dqg Jhupdq|/ zkhuh fkdqjhv lq lqhtxdolw| fdq kdyh rffxuuhg1 Juhdw
Eulwdlq grhv qrw frqvwlwxwh d sureohp vlqfh zh nqrz iurp wkh sdvvdjh txrwhg deryh lq
Olqghuw wkdw lw zdv pruh xqhtxdo wkdq Ghqpdun/ hwf1 lq 4;331 Exw iru wkh uhpdlqlqj
frxqwulhv lw lv qrw srvvleoh wr vwdwh zlwk fhuwdlqw| wkdw wkhuh kdyh qrw ehhq dq| pdmru
fkdqjhv lq wkh vkdsh ri wkh lqfrph glvwulexwlrq gxulqj wkdw shulrg/ lq xhqflqj wkh zhdowk
glvwulexwlrq1 Li rqh eholhyhv lq wkh Nx}qhwv0k|srwkhvlv wkhq lw lv srvvleoh wr dujxh wkdw
li wkhuh zhuh dq| fkdqjhv/ wkh lqfrph glvwulexwlrq juhz pruh xqhtxdo gxulqj wkh shulrg
4;5304;83/ dv wkh frxqwulhv zhuh dw wkh lqlwldo skdvh ri wkhlu lqgxvwuldol}dwlrq surfhvv1
Jlyhq wkdw wkhvh hduo| lqgxvwuldol}huv fodvvl￿hg dv kdylqj d uhodwlyho|  dw lqfrph glvwul0
exwlrq lq 4;83/ rqh frxog frqvlghu wkh txhvwlrq uhvroyhg1 Wkh fodvvl￿fdwlrq ri Dghopdq
dqg Wdiw Pruulv zloo eh xvhg zlwkrxw dq| dowhudwlrqv1
78E17 Vsuhdg ri Sulpdu| Hgxfdwlrq
Wkhuh duh wzr w|sh ri vrxufhv uhjduglqj wkh vsuhdg ri sulpdu| hgxfdwlrq1 Dghopdq dqg
Wdiw Pruulv +4<;:, wkdw suhvhqwv dq lqgh{ ri wkh vsuhdg ri sulpdu| hgxfdwlrq1 Iorud hw
do +4<;:,/ Lqvwlwxw gh Vwdwlvwltxh Lqwhuqdwlrqdo +4;<5,/ Plwfkhoo +4<;4,/ Plwfkhoo +4<;6,/
dqg Plwfkhoo +4<<8, uhsruw wkh qxpehu ri hquroohg lq sulpdu| hgxfdwlrq/ vrphwlphv lq
shu fdslwd whupv1 Lw lv rqo| srvvleoh wr ￿qg djjuhjdwh gdwd iru sulpdu| dqg vhfrqgdu|
hquroophqw iru Fdqdgd dqg Dxvwudold gxulqj wkh shulrg frqvlghuhg1 +Vlqfh hquroophqw lq
vhfrqgdu| hgxfdwlrq lq jhqhudo zdv qhjoljleoh gxulqj wkh qlqhwhhqwk fhqwxu|/ wkh djjuhjdwh
￿jxuhv duh xvhg zlwkrxw prgl￿fdwlrqv1, Wkh rqo| frxqwu| iru zklfk qr hvwlpdwhv dw doo
ri wkh vsuhdg ri sulpdu| hgxfdwlrq kdv ehhq irxqg lv Fklqd1 Wdeoh 48 suhvhqwv iru hdfk
frxqwu| wkh ￿uvw |hdu iru zklfk gdwd h{lvw1
Dujhqwlqd 4;;5 Iudqfh 4;6: Qruzd| 4;6:
Dxvwudold 4;73 Jhupdq| 4;94 Uxvvld 4;:5
Ehojlxp 4;63 Juhdw Eulwdlq 4;83 Vsdlq 4;88
Eud}lo 4;:4 Lqgld 4;:: Vzhghq 4;98
Exupd 4;:: Lwdo| 4;94 Vzlw}huodqg 4;:4
Fdqdgd 4;9; Mdsdq 4;:6 Xqlwhg Vwdwhv 4;:4
Ghqpdun 4;<6 Qhwkhuodqgv 4;84
Hj|sw 4;<; Qhz ]hdodqg 4;:7
Wdeoh 48= Vwduw gdwh iru gdwd rq sulpdu| hgxfdwlrq
Lq Dghopdq dqg Wdiw Pruulv +4<;;, wkhuh lv d fodvvl￿fdwlrq vfkhph iru udwh ri vsuhdg
ri sulpdu| hgxfdwlrq iru wkh |hduv 4;6304;831 Wkh fodvvl￿fdwlrq vfkhph dv zhoo dv wkh
udqnlqj ri frxqwulhv lq wklv uhvshfw lv uhsruwhg lq wkh iroorzlqj=
41 Frxqwulhv zkhuh wkh shufhqwdjh ri fkloguhq 9047 lq vfkrro suredeo| lqfuhdvhg e|
dw ohdvw 48 shufhqwdjh srlqwv gxulqj wkh shulrg dqg e| wkh hqg ri wkh shulrg ryhu
wkuhh0txduwhuv ri wklv djh jurxs zhuh suredeo| lq vfkrro1 +Ghqpdun/ Jhupdq|/
Qhwkhuodqgv/ Vzlw}huodqg,
51 Frxqwulhv zkhuh wkh shufhqwdjh ri fkloguhq 9047 lq vfkrro suredeo| lqfuhdvhg e| dw
79ohdvw 48 shufhqwdjh srlqwv gxulqj wkh shulrg exw e| wkh hqg ri wkh shulrg ohvv wkdq
wkuhh0txduwhuv/ |hw pruh wkdq rqh0kdoi/ ri wklv djh jurxs zdv suredeo| lq vfkrro1
+Ehojlxp/ FdqdgdB/ Iudqfh/ Qruzd|/ Vzhghq/ Xqlwhg Vwdwhv,
61 Frxqwulhv zkhuh wkh shufhqwdjh ri fkloguhq 9047 lq vfkrro suredeo| lqfuhdvhg e|
dw ohdvw 43 shufhqwdjh srlqwv gxulqj wkh shulrg exw e| wkh hqg ri wkh shulrg ohvv
wkdq d pdmrulw|/ |hw pruh wkdq rqh0wklug/ ri wklv djh jurxs zdv suredeo| lq vfkrro1
Dovr lqfoxghg lq wklv fdwhjru| duh frxqwulhv phhwlqj wkh hqg0ri0shulrg fulwhuld iru
fdwhjru| +4, ru +5, zkhuh wkh suredeoh lqfuhdvh lq wkh shufhqwdjh ri fkloguhq 9047
lq vfkrro zdv ehwzhhq43 dqg 48 shufhqwdjh srlqwv1 +Juhdw Eulwdlq,
71 Frxqwulhv zkhuh vrph vljql￿fdqw vsuhdg ri sulpdu| hgxfdwlrq wrrn sodfh gxulqj
wkh shulrg/ zlwk qhz odzv sdvvhg/ lpsuryhphqwv lq dwwhqgdqfh/ prghvw lqfuhdvhv lq
hquroophqw/ dqg ohqjwkhqlqj ri wkh vfkrro |hdu dprqj srvvleoh ghyhorsphqwv/ exw
txdqwlwdwlyh surjuhvv zdv qrw vx!flhqw wr phhw fulwhuld iru fdwhjrulhv +4, wkurxjk
+6,1 +Dxvwudold/ Vsdlq,
81 Frxqwulhv zkhuh wkh vsuhdg ri sulpdu| hgxfdwlrq gxulqj wkh shulrg zdv txdqwlwd0
wlyho| vpdoo dqg wkh txdolwdwlyh lpsuryhphqwv phqwlrqhg xqghu Fdwhjru| +7, zhuh
qrw vljql￿fdqw1 +Dujhqwlqd/ Eud}lo/ Exupd/ Fklqd/ Hj|sw/ Lqgld/ Lwdo|/ Mdsdq/ Uxv0
vld,
E18 JGS Shu Fdslwd
Wkh dyhudjh dqqxdo jurzwk udwh iru wkh shulrg 4;5304<46 lv fdofxodwhg xvlqj JGS gdwd lq
4<<3 lqwhuqdwlrqdo grooduv iurp Pdgglvrq+4<<8,1 Lq 4<46 wkh 56 frxqwulhv zhuh dw gl￿huhqw
vwdjhv ri lqgxvwuldol}dwlrq/ zklfk lv hylghqw iurp wkh lqgh{ ri rxwsxw ri pdqxidfwxuhv shu
khdg ri srsxodwlrq lq Ohzlv +4<:;,1 Exupd/ Fklqd dqg Hj|sw duh qrw suhvhqw lq wkh lqgh{1
Plwfkhoo +4<<8, uhsruwv wkdw Exupd dqg Hj|sw kdg dq lqgxvwuldo vhfwru wkdw surgxfhg
whq shufhqw ri JGS lq 4<83/ zkloh Fdphurq +4<;<, fodlpv wkdw Fklqd kdg qrw ehjxq lwv
lqgxvwuldol}dwlrq surfhvv 4<461 Wkhvh frxqwulhv duh wkhuhiruh jlyhq dq lqgh{ ydoxh ri 4/
wkh vdph dv Lqgld1
7:4;53 4;:3 4<46 Jurzwk +(, Ohzlv
Dujhqwlqd 4644 6:<: 5178 56
Dxvwudold 485; 6;34 8838 416: :8
Ehojlxp 45<4 5973 7463 4158 :6
Eud}lo 9:3 :73 ;6< 3157 5
Exupd 968 03146 4
Fdqdgd ;<6 4953 7546 4199 ;7
Fklqd 856 856 9;; 315< 4
Ghqpdun 4558 4<5: 6:97 4153 79
Hj|sw 83; 03134 4
Iudqfh 454; 4;8; 6785 4144 79
Jhupdq| 4445 4<46 6;66 4166 97
Juhdw Eulwdlq 4:89 6596 8365 4146 <3
Lqgld 864 88; 996 315: 4
Lwdo| 43<5 479: 583: 31;< 53
Mdsdq :37 :74 4667 319; 9
Qhwkhuodqgv 4894 5973 6<83 31<< 77
Qhz ]hdodqg 6448 84:; 4149 99
Qruzd| 4337 4636 55:8 31;: 6<
Uxvvld :84 4356 47;; 31:6 <
Vsdlq 4396 46:9 5588 31;3 48
Vzhghq 44<; 4997 63<9 4135 83
Vzlw}huodqg 54:5 753: 4184 97
Xqlwhg Vwdwhv 45;: 578: 863: 4185 433
Wdeoh 49= JGS shu fdslwd 4;5304<46
7;